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SULZER 
DAVID 


RAAB, ELIZABETH 


TIME AND THE 
PHENOMENON ! 


FEHRER, 


BROCA 


anD MAURICE HERSHENSON 


Brooklyn Colle 


lf a brief light flash is followed by 
additional visual stimulation, it may 
appear less bright than if it had been 
flashed alone | he Brow a Sulzer phe- 
nomenon, metacontrast (e.g., Alpern, 
1953; Stigler, 1910) and the Crawford 
effect (Crawford, 4947) are examples 
ol such retroactive masking 

\ theoretically important question 
that little 


study 


rec eived 
the 


has syvstemat 
eflec- 


masked. 


concerns behavioral 


tiveness of a stimulus thus 


Will overt 


to the 


responses to it be similar 


responses evoked by a less 
ntense stimulus which phenomenally 
the This 
1942 by 


Baumegardt and Segal and led to an 


inatches masked one fr 


question was raised In 
time 


the 


experiment in} which 


(RT) 


Brow a-Sulzet phenomenon 


reaction 


was used as a measure of 


whi has 


vet 8) consists 1 t lact 


had 


that the 


This phenome ample 


his research was supported by 
irom the National 
G-6456) and from the National Institute of 
Neurological Diseases and Blindness ( B-1028 
ind by funds provided by Brooklyn College 
Edward H 


Physi S 


grants 


Science Foundation 


Green of the Department of 


gave generous assistance in the 


planning of the stimulus generating equip 


ment 


phenomenal brightness of a st 
diminished by the unchanged 

of the stimulus itself ig 
Bills, 1920; Broca & Sulzer, 1902 
1928) that the apparent brightness of a flash 


stu lies wrest 


Stal 


of light increases with stimulus duration up to 
50 to 100 msec., then decreases up t ibo 
250 mse which flash duratio 
negligible influet 
The overst 
with intense stimuli and 
The method used 


Broca-Sulzer phe 


alter 
comparative ly 
parent br ightness 


woting ee 
is most marked ti 


absent with weak ones 
in establishing the 
typically consists i 


flash Oo 1 


light 


duration § test 


‘ 


surrounding pres 
seconds 
The Baumgardt 


ment Was 1 t 


designed 0 


differences in ippar *nt 
measured by Speci 
pated i shorter 

toa flash ol 

out that Baumegar 

the brightness differ 

the Broca-Sulzer method 
| 


differences in stimulus du 

fore presented their lig] 

panied by the compariso 

in the Broca-Sulzer procedure 
The stimulus had a 

1700 nits, (496 ft-l Che 

were presented in blocks of 10 

the blocks 

order. Of 31 comparisons between the 

blocks, all sh 


RTs to the 50 


used 
two durations 
trials eact 


\BAB 


means 


following each other in 


ot suc wed slightl, 
faster 1 
flash It is 1 iteresting to note th 


essive 


to 5 mse 


193 
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than the duration 
stimulus and it is therefore 
that the RT could not have been 
affected by that part of the 250-msec. stim- 
that 


complete d 


published RTs were all less 
of the 250-msec. 
obvious 
ulus persisted after the reaction was 

\ search of the literature yielded only one 
other study of the effect of a wide range of 
stimulus durations on RT to clearly supra- 
threshold visual 1913, Wells 
measured RTs to light flashes of the following 
durations: 12, 25, 64, 144, and 1000 msex 
The intensity of the light cannot be deter- 
mined accurately from the published report 
but was apparently well under 1 ft-L. Wells’ 
data indicate that, in general, the 25- and 

flashes yielded the fastes RTs. A 
series of studies by Chernikoff, Gregg, and 
(Chernikoff & Brogden, 1949; 
Chernikoff, Gregg, & Brogden, 1950; Gregg & 
1950a, 1950b) on the effect of 
stimulus duration on RT to auditory stimuli 
yielded congruent results. RT was found to 
increase as stimulus duration increased from 
100 to 2400 msec. 

Neither the Wells nor the Chernikoff et al 
data can be explained on the basis of the 
Broca-Sulzer relation between stimulus dura- 
tion and apparent brightness. Wells’ light 
intensity was below that at which the Broca- 
Sulzer demonstrated 
and no parallel to this phenomenon has been 
reported for audition. It seems more likely 
that the effect of stimulus duration on R1 
was mediated by attitudinal factors which 
could develop during a block of trials at the 
stimulus Jarl, 1957; 
Johnson, 1923). Blocks of brief stimuli may 
irouse © to react as tast 

ones might 
effort This may also be the 
best explanation of Baumgardt and Segal’s 
data though their light 
sufficiently high to yield the 


stimuli In 


64-msec. 
Brogden 


Brogden, 


phenomenon can _ be 


same duration (cf. 
as possible, while 


longer lasting encourage some 


relaxation of 


even intensity was 


Broca Sulzer 
effect. 


The present experiments have been 
designed to determine whether the 
Baumgardt Segal findings are 
better explained on the basis of the 


and 


Broca-Sulzer phenomenon or on the 
attitudinal factors. In 
Exp. I, the stimulus durations were 


basis of 


presented in random sequence in 
order to eliminate the possible effect 
of attitudinal which might 


develop during blocks of trials at the 


factors 


AND M 


HERSHENSON 


Thus, any advantage 
of the 50-msec. flash could be at 
tributed to the Broca-Sulzer effect 
Further, such an outcome would | 

the latency of 
the response is correlated with per- 
ceived intensity, stimulus 
held Three lumi- 
nances, approximately 3000, 30, and 
0.30 ft-L, were used. As the Broca- 


same duration 


good evidence that 


intensity 


being constant. 


Sulzer phenomenon is apparent only 


fairly intense stimuli, it 
assumed that, if it 
affect RT, its effect 
obvious with our most intense stimu- 
the 


with was 


does indeed 
should be most 


lus and absent with weakest. 
Experiment I] 
the findings that RT to a 
50-msec. flash is faster than RT to a 
250-msec. flash 
given duration are presented in block 


of trials. 


was designed to test 


earlier 


when stimuli of a 


EXPERIMENT | 
Me thod 


Apparatus Ihe light source was a glow 
modulator tube (Sylvania R-1131¢ 
in a light-tight box with a circular 


mounted 
iperture, 
1 cm. in diameter, in front of the tube The 
light 
placed 1 cm. in front of the lamp and bearing 
front of the 
All of the transilluminated 
thus masked off except for the circular area 
in the aperture. This 1-cm 
from a headrest 50 cm. awa 
10’ of arc. 

The front side of the stimulus box meas 
ured 13 by 15.5 cm., and was painted black 
The stimulus aperture at the center of th 


was diffused over a ground glass plate 


against the inside surface of the 
box. glass was 
target, viewed 
binocularly 
subtended 1 


rectangle was surrounded by a ring, .75 « 


wide and 6.3 cm. in outer diameter, cut from 


a manila folder. This concentric ring served 


as a fixation device 
sound 


The apparatus located in a 


proof room and was dimly illuminated fro 


was 


behind S’s head by a diffuse circular source 
5.5 cm. in diameter, placed 160 cm. from the 
stimulus area. 
ft-L. 


source, the 


The luminance of this source 
When illuminated by thi 
luminance of the black front 
surface of the stimulus box was too low to b« 
measured by means of a Macbeth illuminom 
eter. The had a 


was 22 


fixation ring luminance 
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of approximately 0.001 ft-l At all lumi- 
nances studied, the target flash appeared far 
brighter than the was the 
transient visual stimulus 


ring and only 


modulator tube was connected 
with the plate 

6L6 The 
beyond cutoff by 


ind was 


rhe glow 


series circuit of a triode- 


connected triode was biased 

of a 45-v. battery 
conduction by 
tangular positive pulses from a set of Tek- 
Pulse and Wave-Form generators 
The current through the 6L6 (and glow tube 
was adjusted to be 40 ma 


meal 


pulsed into rec- 


tronix 


, and was monitored 
an oscilloscope by means of a 10 ohm 
cathode circuit of the 6L6. 
\ regulated power supply furnished 350 v. 


ak 


resistor in the 


A 2.7-n 


lamp, was 


egohm resistance, connected across 


> glow found to yield optimum 
ictio In addition, the driving 
ipplied to the grid of the 6L6 were 
haped to “over-volt’’ the 
tube With these 
could be 
latency 
than 10 msec 


switching 
pulses 
modulator 
tube 
with 
ind jitter reduced to less 
Light output from pulse to 
pulse varied less than 0.5% 


glow 
irrangements, the 
pulsed every 13 sex 


once 


of 50 psec 


Six generators were used to provide the 
rhe light 
itored by means 


ix stimulus durations 


mplitude 


pulse 
were further n 
ol a photocell ind were adjusted to equality 
than one 


preset 


with an accuracy better percent 


The six durations were and a Ssix- 


position switch was « nployed to select each 

duration as required 
The flash duratio 

100, 250, and 500 msec 


used were 10, 25, 50, 
Three luminances covering a range of four 
log units were used rhe highest 
3000 {t-L as measured by a 
Macbeth illuminometer at the ground glass 
plate. The next was produced by inserting a 
Kodak filter, neutral density 2.00, between 
the tube and the ground glass plate. 
the weakest light, an ND 3.00 and an 
1.00 filter were used. All 
clearly suprathreshold, 


was ap- 
proximately 


For 
ND 


luminances were 


Each trial began with a 1000-cycle warning 
tone lasting 1 sec., and was followed by a 
ilent foreperiod of 0.5, 1.0, or 1.5 sec 
selected by means of a three-position switch. 


’ 


The light stimulus was presented (and the 
it the end of this fore- 
The whole sequence was presented 
every 13 sec. by Hunter 


r hronoscope started 
period. 
once means of 
decade interval timers 

RTs from the onset of the 
stimulus pulse to S's depressing a normally 


(measured 


closed telegraph key were measured to the 


REACTION 


rIME 


nearest millisecond by 
counter 


The thre 


Before the experiment proper began, each had 


Subjects iuthors served as 

undergone a training period of at least 10 hr 
Procedure Each S 1 

mental Only one luminance was 

a given session. Each sessio 

sisted of four sets of 18 trials each in wl 

each 


serve 18 experi 


sessions 


used in 


duratio 
the three foreperiods appe ired once in ra 
order. 


combination of the six 


Sessions for. two Ss were it 

ABCCBACBAABC et \, 

refer to the three flash luminance 

the third S, this sequence 

For each luminance 
i 


} 
] 
) 


quence 


was 
e-duration o! 
there were reactions for each 
foreperiod 

After 5 min. of darl 
practice trials were giver 
trials were run \ 2-mi 
given between Sets 2 


recorded trials 


Results 


The mean RT for each S for each 
luminance-duration-foreperiod combi 
nation was computed after eliminating 
the longest and the shortest RT of 
the 24 at Che 


means thus computed for each lumi- 


each combination 
nance-duration combination are based 
They 
Table 1 together 
with the combined means. 

No effect of pparent 
save possibly for the 10-msec. dur 
tion of the light 
the average, yielded somewhat longer 
RTs than the other durations at this 
luminance. light 
appeared For all Ss 


on 66 RTs, i.e., 72 minus 6 
are presented in 


duration is a 


weakest which, on 


Phenomenally, this 
quite fai 
together, however, an analysis of 
variance showed that the six duration 
means did differ 
(P > .05). the exception O 
this both 


RTs for the six 


not significantly 
With 


light, 
and combined mean 


10-msec. 


individual 


durations at a given luminance were 
very similar and showed no consistent 
trends with duration. At the greatest 
luminance, where the effect of the 
Broca-Sulzer phenomenon should be 
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rABLE 1 


PION 


3000 


most apparent, the to the 50 


the flashes were 
for each S. With 
the 3000- and the 30-ft-L lights, the 
flash the three 
Ss combined) a R'] 
the 
the 


and to 250-nise¢ 


almost identical 


25-msec vielded (for 
faster 
but 


RT to 


somewhat 
the 


between the 


than anv of others, 


difference 


rABLE 2 


N Rea Times Cl 
FOREPERIOD DURATION 


ION ASSIFIED BY 


3000 


limes CLASSIFIED BY 


FLASH DURATION 


158.2 
154.5 
161.2 
158.0 


160.0 
158.0 


171.6 
165.6 
170.7 
169.3 


171.6 
165.8 
171.1 
169.5 


166.9 
170.4 
169.4 


197 ) 
191.0 
201.7 
196.6 


194.3 
195.7 
203.9 


198.0 


198.0 
190.9 
203 ) 


196.3 197.4 


25-msec. flash and the 
RTs 
to the standard error of the difference 


1.6 both 


longest of the 


remaining five was only equal 


(approximately msec 
Cases). 
The dat til 


at luminance does 


Fable 1 
illect 

T to the 3000-ft-L light 
average, 12 faster 
30-ft-L light, and 39 
to the 0.30-ft-L 


SHOW 


| 


was, on the 


msec than to the 


last 


light \s 


each S’s combined 


ise cl 


than the 
standard error for 
for a given luminance was less 
than 1 


highly significant for each S 


mean 


mse these differences are 
The effect of foreperiod on RT is 


lable 2. 


inversely, 


In all cases, length 
related to 
fact, 


shown in 
of RT is 
period duration In 

three Ss together, the 
RT between the longest 


lore 
for the 
difference in 
ind shortest 
foreperiods was slightly greater than 
3000- and 
each S, at 
luminances, 
the 


loreper iod 


the difference between the 
the 30-ft-L 
each of the 
the difference 
and the 


For 
flash 


between 


lights 
three 
1.5 SC 


2.0-sec. means 


was significant well beyond the .001 


level One S exhibited no difference 
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between the 2.0- and the 
foreperiod means For each the 
other two Ss, the means at each 
luminance for the 2.0-se foreperiod 
were significantly longer than those 
for the 2.5-se foreperiod, the six t's 
ranging trom 2.14 to 4.14 The 
loreperiod effect found here is similar 
to that reported recently by Karlin 
1959) and Klemmer (1956), both of 
whom showed that, ove! a given 
range ol foreperiods, RT decreases 
with foreperiod length 
It is interesting to note that the 
flect of foreperiod on RT 3 inde > 
. 3 show 
pendent of luminance level Thus, 


. , RTs for the 50- and 250-msex 
for the three Ss together, the differ- 
, tions Moreover, no individual 
ences in RI between the shortest 
a acted = significanth 
ind medium foreperiods are 10.5, 
stimulus The da 
msec., respectively, . ° 
agreement with tl 


middle and low levels . : , 
| lwo ol ‘Vl OS ! low K 
” 


Lhe corresponding differences 


Yroup 
tween the medium and long fore periods e 
> " the St) 
ire 2.3, 6, and 4.4 mse 

re icted 

Only one 

versal ol 

Sig nifi 

ields 

tailed 

level for 7 

differences | expected 
direction i un it the .04 


tions of the 3000-ft 
t he study of sau 


The two flash 


BAAB 


i¢ 1 
165.4 
157.1) 158.9 
159 160.8 
al 169.5| 170.4 
ratec 
the shortest 
before blo« k 


¢ 
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A 


50-msec. 


level. Although the difference of 
R’] 


very 
that 


msec. in in favor ol 


small, it must be con- 


} 


flash is 
conditions 
flash does 


cluded under ow k 


ol presentation, the briefer 


yield faster RTs. 


DISCUSSION 


f these experiments show 
distinctly suprathreshold 
unrelated to flash dura 


500 


that to 
flashes is 
between 10 


light 


tions and msec whet 


durations are presented in random order. 
Results showing faster RT to 50-msec. 


ones may, there- 


flashes than to longer 


fore, be attributable to attitudinal fac- 
during blocks of 


block 


diffe rences in 


tors that can develop 


trials The fact that Ss in our 


procedure showed smallet 


RT to the 
re porte d in 


two flash durations tl 


previous studie 
procedure we 


procedure d it 


and that Chernik« 


due to the 


differ 


used varving fore] 

repetition rate 

stant 2-sec f 

repetition rate 

stimulus 


specify neither 


tation nor duration 


tudinal 


conceivable 

fecting RT. are 

differences of thi 
Our data give 

and Segal 


reac ted ¢ 


of Jaumgardt 
flashes are 


appear brighte fr. 


became ap 
parent that our method of stimulus presenta 
yielded relatio 
very different ind Sulzer 
According to latter, the 50-msec flash 
should than the 


longer ly 


Early in ou experiments it 


brightness-duration 
rom that of Broca 
the 
appeared 
espe ially when the stim 
high. In found 
brightness with 


tion 


i 
f 
I 


have brighter 
flashe 5 
luminance 
that apparent 
stimulus duration up to the 500-msec. flash 


for all As this ob 


servation was so at variance with the Broca 


was stead, we 


ink reased 
three luminance levels 


Sulzer phenomenon, the following brief experi 
undertaken to measure apparent 
i function of flash duration b 


method of single stimuli It should be 


ment was 
brightness as 


the 


AND M 
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rABLE 4 


\PPARENT BRIGHTNESS RATINGS OF 3000-F 1-1 


FLASH AT EAcH DURATION 


pointed out that this method is quite differ 
that has been used in all dem 
the sroca-Sulzer effect It 
previously been measured by matching 
brief flash with a flash of much longer dur 
tion, exposed to an adjoining retinal 


from the one 


strations of 


there was no comp 


In our experiment, 
The flash was presented alone 


stimulus : 
i feebl 


in the RI 
illuminated 
Three 
the ipp 
ft-L. light « 
very bright, 
The six fla hd 


presented 


experiments, igainst 
ind constant 
c . nad 4 


undergraduate 


rent brightness 3000 


i dom order 

Although a Ss were aware that duratio 
was a ispected th t 
il ld ons throughout 
Instead, they reported th | iriation 1 
than the 


experienced 


intensity was far more apparent 
and they 
g the ratings 

ippear 


timulu 


variation in duration, 
little difficulty in 
The me ratings by each S 
lable 4 \ intensity of the 
vel that should yield a pronoul ced 
effect, it is ob that this 
application of the method of single stimuli 
vielded re ilts 
the 
employed by previous inve 


issignir 


the 
was ata k 
Broca-Sulzer ious 
altogether at variance with 
have bee: 
this 
Brow 

flash 
to or 


several 


matching procedures that 
tigators of 
that the 


when a test 


etiect It i \ y possible 
t occurs only 
1ort duration is presented adjacent 
yuunded by i patch of light of 
seconds duration, and whose onset precedes 
that of the test flash by a number of seconds 
It iay, therefore, 


originating in 


surre 


depend on interaction 
other retinal 


function of 


areas 


flash 


eftiects 
instead of being a sole 


duration. 


Our experiments have shown that the 


continuation of a light flash beyond the 
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stimulus 
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determines 


differe: 
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stigated, 


tensity 


phe iomenal 
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The principal purpose of this paper 
the 


response 


is to 


that 
events 


test the generality of law 


PO 


a 


time-on-target 
trial component 
task of a multidimensional continuous 
trac king statistically 
pendent 


on a in 


task are inde- 
of TOT 
occurring concurrently in other com- 
ponent 


response events 

For consistent 
total multidimensional 
tracking task will be defined as having 
two or 


tasks. 


the 


termi- 
nology, 


with 
each stimulus source having a cor- 


more stimulus sources, 


responding dimension of the control 


system for Each stimulus 
source and its dimension of the control 
system will 


t 


response. 


considered 
the 
it. 

action 


be a com 
and 
made 
the 


component responses 


ponent task, component 


The total 
of all 


response is to 


response is joint 


Ellson 


pursuit 


1947 


three-dimensional 


tracklil ta was first vesti 


r that 


SK, 
rol 
component t isk were statisti 
rol response eve 
| By 
nA» »\ 


l 
gator to inte res ‘vents on a 


y inde pende nt 


othe 


ot concurrent 


component tas 


rol 
prob ibility 
the pr 
be ! ice pe cle 
multiplication 


treating proportion o 
task trial 

1 assun 
t tas 


expect 
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it, 
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the probability 
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RESPONSE 
AL TRAC 


ERROR 


VISI KING 


CARL I 


with tasks 
the hypothesis we should hav 
P P where P 


represent observed proportio 


nt 


ured for the component 


that 


ilignment 


tasks 
probability 
simultaneous 
observed proportion of time 


taneously on target i | 


tha 


¥ ane 


relationship s 
Peyio)s 
success on the parts eXxal iple 
that P re nd 
tively he predicted probability of 
roT. P 30 
be compared with the 
1950 


i\ 


response predicted 


can 


fror 


ind ire .30 a 50 


15 


i 


taneous 
ind 


V ilue 


1s 50 or 


would 
Pes 
Ellson's lead 


SOE 


empiri 
Gardner 
the 

d 
dimensional compensatory trac ki iw task 


ot it I 


followed 
ice 


irom 


ind ga\ 


ility 


( ni 


indepe 
gener when ita i 
found in 
Bilodeau 1957) and Bilodeau 

Bilodeau added further support 
the independence hypothesis in s of both 
task they 
the 


support 
1955. 


1954 


iter resear 

to 
tern 
d 
qua 

relations 


predi 


ind practice conditions 


likely 1 f 
of 
P 


are 


law l neans or 
nderstanding 
the effects or 
P d P, 


treatments 


u part whol 
could be 
changed b 
at 


to contradict 


an 
lherefore 


no evidence 


law and must ae ept it as 


principle of complex tra 


o know restrictions 


of the 
paper 


oO 
characterist 
purpose of thi is 
of this principle 


Table 1 ill 


ince pe nden e 


| 
cle 


istrates indepe 


by showing the 


on-on target events of a part lar scori 
zone on a total tracking task with compone 
tasks ind and is helpful 
experimental approaches that might success 
fully challenge the independence law. One 
hundred hypothetical events are shown, with 
each event 


Phe cell nt 


Irequencies 


nt 
X 


y in St 


iggesting 


having the same time duratior 


theses illustrate 
for 


ip irentheses 


mbers not in pare! 
fulfilling 
tistical independence 


the conditions Sta 


hose 
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tion of the show how 
ts 
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cori 7Ol \nd the 


hould i 
rol Cor 
ight conceive of ‘ s of t with pr ul 
input signals with a dist ) ‘ in Table 1 car 
difficult pairings of ms ‘ 


concomitantly 
promote the patter 


ma Dp 
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yl 


inde TM 
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ot error 


) signal and width of Tt 
quired for indepe cle it appe 
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have effect 
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Ellson 


the independe 


tracking context 
said that 


1947, p. 12) has 
ce law implies that 
» responds l depe oO eat h t 
task 


] 
ously 


compone 


and does not correct errors simultane 


two or more tracking dimension 
with a single coordinated movement Ch 
regarded 


Table 1 could 


resulting 


interpretation, however be 
with caution The x 
have i high proport 

ibility to 
with one 

still could be 
rule just as lo 


irom oO errors simul 


taneously but the eve 


cle scribec he 


multiplicative 
remaini Zz on-ot 
cells stand in 
other and 
statistical independencs 


whatsoever is 


g a h 
target eve in the other three 
the proper itio hip with each 
marginal totals for 


Nothing 


havior il incl pe ndence, i.e 


connoted for be 
that the corrective 
responses to eliminate error in multidimen 
sional ,y are | , 


independ it, ike the 


Probabilits 
being a discipline of 
| 


tossi mathemati 


pure logic, has no 


empiric il referents and says nothing of how 
nts of the real world are 

or betwee e\ 

relative freque 


ments 


the behavior of 
il independe 
\ way 


nde > among 


imed to exist 


ng error functions 
Merrill & Ber 
two ti series functions are 


iccessively 


t nett 
1956) where 
repeatedh correlatec 
pl iced intervals of Cross-correlatio 
should reveal whether t rror fun 
related at the s e or dif 
though 


conform to the independence law. 


ctions 
moments 
ro! 


time even their percent 


This experiment used a two-dimen 
pursuit task 
manipulated characteristics of 
signals, width of TO] 
and 


sional tracking and 
input 
scoring zone, 
practice to test 
the independence 
well as 


other intratrial analyses, are used to 


amount ol 
the generality ol 
law. Cross-correlation as 
assess intrinsic dependencies between 
component response error functions. 


METHOD 
Tracking apparal A two 


pursuit 


lime I 


AND CARL E 


WEBBER 


stimulus source was a rectangular aperture 


measuring 1 X 7 in. and mounted on a panel 


28 in. from the seated S. Within the aperture 
and on whit background was a blacl 
stimulus cursor driven 
iechanis l ind i red 

movements of the contro 
ge of the bla 
, but the red cursor traveled 
ile | h of the cursor 
ippeared a 10-1 | 


Phe ta 


LAXTMUN 


ilignmer 


rectal 


spring -ce 
patibility 
horizontal v 
left-right or x dimension of the 
the vertical 
forward-backward or 


trol. Moreover 


source was co 
cir 
when the st 
the x di € 


in the x sour 


e moved corr 


left and right And, whe the 
kward and forward i 
dimension I 
moved up 
was ore 


reiatl 


Was Zero 
to the stick and moveme 
P’ rman m 
digital data 
the trackin 
ponent task sical i ilog 
ically 
fied degree ot 
codes it ind 
permanent o t on punched p tape 


data syste 


imple 


or magnet digitized ord i 
then submitted ligital 


in conti ! vitt ippropriate 


tam 
nputer whicl 
prograt 
for the d ad measut will 
performai i \ll 

traditic I tracking If earch 
1] 


prod ice 


we ma ( in be bt 1 ed fro 
output ol 


Our analo 


it of recordi 
| 
igital data t< 


between the red and 


g equipme 
n required the 
black cursors 
t task to be represented by a 
This 
i digital voltmeter 
which alter 


tance 


it componer! 
linearly proportionate dc volt iwe 
analog volt ge was fed to 
through a scanner ately sampled 
the error level each 


task, The ile is 1l-in 


component 


difference betwee 
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digital Computation of simult 

in assessment with respect to « 

zone ot two pairs of Vv ilu 
three-digit number he num component task, that were simulta 
lgebraic Sig! | ; time rhe proportion of ti that eithe 
ded decimal rits ( rially one or both were outside each of the scori: 
paper ta letyy ir it the . 7 is determined, cumulated for 
of 60 character \ | uC rea ccessive pall 

imber of pairs 


ind expressed 


for one < 
iw data on the LOl 
for direct input Experimental de 
located at the nale Ss each were used 
expected to contorm to the 
ording of error law and had cam inpu igna 
f TOT scores isystematu yr ici compone 
es desired, and i é ' between 
reported Lhe in t i s of the 
alter ely on the 
imultaneity 
in the tape ! 
¥Y was necessary rates betwee 
1ultaneous TOT selected Group NI, for 
tasks, and the ipproach pendence was hypothesized, had 
» recorded data rhe signed for testing the hypothes 
cores looked like this: disproportior ite number of x 
‘ y ‘XnV¥n. The best esti events, with a reduced opportunity { 
iate of the val ltaneous with xj was and xoy; events, will produce inapplicability 
is the mean « yj al \ This mean of the independence law Group NI 
is used t iputation of simul each of the two cams smoothly cut with h 


rOT and TOT in Raw values of their rcumlerence equidistant 


ju 
rol ‘ ise of the mean " : hich caused the bl 


i eity carries the assump remail 
nd rotation 
etweet to the two black cur 
the 4 of them a fixed distan 
were the aperture for the du 
idering period The respo 


tive time required him 
7“ 


le cursors steadily or 
I I purpose of max! 
easure separater d ous TOT 
Che two limit ‘ I zo halves of ne cam 
described _chronized in their irregular 
from zero signals quite difficult to 
the zone segment it was anticip 
ed as 100, it difficult to 
scored on target when- with the resu 
was within + 1 in. of the time-oft 
ile w 1 equals lated There were 
100 coun n th voltmeter. For the it seemed 
mputation of per LOT for 
ponent task o trial, mputer target 
program prescribed iterative process eve 
ipute the proportio f time that each Vhe 
ccessive pair of val outside each of i on 
the 17 scoring zor } me proportions it was felt 
were cumulated for each scoring zone, divided of a typi randomized with 


b the number pairs ol v ilues subtracted respect to m segmer m rotation speec 
if a I ed as per t rol was m 
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started each trial at a different 

The cam rotation 
1.88 rpm and 2.79 rpm for Group NI 
The faster Group NI made the 
irregular half of the cams more difficult, while 
not disturbing the smooth portion, and this 
difficulty of the irregular 
likelihood of 
events The cam speed for 
total task of 


ind was established by preliminary 


cams ordinarily 
pl ice speed or group | 
was 


speed for 


accentuated the 
segments ind increased the 
occurrence of xoy¥ 
Group I gave a intermediate 
difficulty 
experimentatior 

i day were given on each of 


different days 


Twenty trials 
three [rial duration was 90 
Perform 
Trials 1, 4, 8, 12 


is a means of keeping 


sec. and intertrial rest was 30 sec 
ance Was recorded only on 
16, and 20 of each day 
down the 


data mass and accompanying com 


puter costs while, at the same time, providing 


enough data points to chart performance 
\; S's awareness of the 


recording of his performance 


trends selective 


was minimized 


1 


by having ill « 1e-producing elements of the 


data system pla ed out of earshot in another 


room There was no evidence that Ss were 


iware of the occasional recording 


Subject The 30 male Ss were university 
They their 


They 


undergraduates were paid for 


participation were randomly assigned 


to groups 
RESULTS 
TO1 


Analys 


fail- 
ures In applic ation of the independen e 


The intention was to uncover 


An index 


+ Pe 


law, if this is possible at all. 
ol inapplicability is iP, 

the observed 
and predicted simultaneous TOT prob 


Chis 


reater or 


the difference between 


abilities. difference may be 


either g less than zero when 
the independen e law does not hold. 


Mean [Pry — Pz 


Group I. 


for a particular scoring zone on a trial 


was computed by 
and P, 
product 
taking 


score 


multiplying P 

for each S, subtracting this 
from his P,, and then 
this difference 
This 


measure was computed for each trial 


the mean of 
over all Ss. clifference 


and each scoring zone, and all were 

} Available on request are the 17 acquisi 
tion curves of Groups I and NI in terins of 
mean probability of simultaneous TOT 
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quite small with no evident pattern 
Of the 306 62% 
were zero, 36% were .01, and 2% 


mean differences, 


were .02. All were positive and none 
was larger than .02. 
law 
Group I. 


The independ- 


ence applies unequivocally for 


VI.—The 


values for Group NI are 


Group mean ¥ 
_ P 

much larger and more systemati 
than for Group I, 
Fig. 1. 


differences for Group |, 
that the 


and are plotted in 
In contrast to the negligible 
Fig. 1 


designed 


shows 
specially input 
disturbing 

that the 


Irom 


signals were effective in 
the independence law and 
deviation of [P,, S aets 
zero (a) decreases as a function of 
as width 


The 


rela- 


prac tice, and (6) decreases 
of the scoring zone increases 
the latter 
tionship is the smallest Zone 5 which 
falls at about the same level as Zone 
20. 


single exception to 


Analysis of Intratrial Error Pattern 


(‘ross-correlation was used to check 
the that 
events ol two component 


possibility 
the 
ot Group | 


tracking erroi 
tasks 
have some degree ot 
intrinsic 
their TOT 


independence 


dependen \ though 
scores are described by the 


Chis 


method generates a number of correla- 


even 


law. statistical 
tion coefficients which, when plotted, 
show the degree of linear relationship 
between present events in 
task 
component 
later 


function 


erro! 
with those of 
task at the 
A cross-correlation 
each § 
The final trial 
was used because, if these dependen- 


one 
component the 
other same 
or a time. 
was computed for 


of Group | on Trial 60. 


cies exist and are learned, they should 
be most prominent on the terminal 
practice trial. the 
rrial 60 record used was generated 


The portion ol 


during the second revolution of the 


cams. This portion was chosen to 
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dittere 


s tine 


effects 


errors 


ivoid any aty 


that 


pie il 


response 


might arise from large 


occurring at the beginning of a trial 
when SS first tried to align the cursors. 
The the 


series and 


between two time 


240 


15 sec 


first 7 
had 
placed by 1 


values was dis- 
, the time difference 
between any two successive readings 
the data 


ill subsequent r’s 


on tape The se ond, and 
successivel\ 
415 se 

displacement of 
The N 
for each successive 7 was reduced by 
two, until the final 7 had an N of 120. 


Sixty-one r’s were computed for each 


were 


displaced an idditional 


until a maximum 


16.07 sec. had been reached 


S in this fashion and the plot of r’s 
to ol 
time is the cross-correlation function. 
the 
SIX 


with respect units displaced 


Figure 2 shows cross-correla- 


tion functions for 


Ss. 


representative 
The two reference lines for each 


24 26 
TRIAL 


nees betwee 


2 


Ss 


predic tec 


on target for 17 scoring zo 


function are the .05 confidence limits 
Functions are presented for individual 
Ss rather than 


the 


a group mean tunction 
of dissimilar 
individual ob 
literated the The 
mean tunction was found to oscillate 


because averaging 


functions effectively 


important trends 


rather closely around but, as 


ZCTO 
Fig. 2 shows, this is hardly the nature 
have 

the 


of individual curves which 


number of r’s significant bevond 


05 level Moreover, most oO these 


significant r’s are displaced in time, 
that the 
ponent response error 
be 


the other 


showing values of a com- 
at the 
related 


function 


function 


present can significantly 


to those of error 


at a considerably later time Evi- 


dently it is possible for the component 


response error functions to have 


patterns ol on-off target events for 


“ des ribable by 


TC yT st oring ZO" 


«t 


the 
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8 0] 4 8 
TIME DELAY (7) IN SECONDS 


s for six representative Ss of Group | 


Fic. 2. Cross-correlation functio1 
statistical rule for independent events 
while, at the time, to have 
significant degrees of relatedness ex- 


same 


cross-correlation of the 


pressed | V 


complete component error 


functions. 


response 


In an attempt to better understand why 
the cross-correlation functions often revealed 
relationship between tracking 
error events considerably displaced in time, 


i significant 


12 


the punched tape records for Trial 60 were 
printed out for visual inspection and analy 
A primary I 


records which 
attracted our attention was that each com 


feature of these 
ponent response error function was charac 
terized by peaks. Each error peak 
appeared as the rising of error values to a 


error 


maximum, followed by a systematic decreas 
ing of error magnitude to the vicinity of zero 
he increase in error to initiate a peak can be 
a function of a number of task and response 
factors, but the 


reduction of error to 
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criterion of excellence is almost solely a func- 
tion of S’s visual attention to a stimulus source 
While it is 


the 
error, © 


ind his proper motor movements 
that a 


signal can 


true fortuitous change of input 
is the 
the 


( h ince 


existing 
j 


only ystem reducing entity in 


tem an cept for occasional 


tors, rror reduction ci be ascribed 


to hin Ss, presence 


in error pe ik 


be interpreted as the fundamental re- 


t of sensing a tracking error and 


y it with a correct motor 
the Trial ov0 


the coincidences 


movement 
led to 
of these 


erro cs, which are both negative 


Examination of records 
the conclusion that 
ind 
positive in relatio produced 
frequent excurs ) he cross-correlation 
\s one 


succes- 


to the 


error 


functions to sign values of 7 


mponent re error function ts 


pons¢ 


ly displaced in time with respect 


ther and correlated Irequet 


error peaks stand in the 


it occasio irise 
proper 


nt positive or 


where the 


1 


relationship to vield a g nific 


egative 7 


presence ol 


The 
the question of what the ir « h iracter- 
istics must be to fulfill the TOT inde- 


px ndence law ur approa h was to 


eTrTo! p iks T used 


devise a formal model about error 


peaks in two-dimensional tracking and 
the the Ilhiac 
and machine to 


to program model for 


computer illow the 


generate simulated tracking error 


records, just as our tracking task and 
inalog-digital data system did in the 
These simulated records 
the TOT 
with the 


evaluated.‘ 


laboratory. 


were then subjected to 


program and conformity 


independence law was 


lhe model, which we call the Random 


Peak Model, had the basi assump 


‘Our appro t uilding a model and 


essing its co es with a high-speed 
ordinarily 
Carlo method 
computer to sample 

I ne or probability 
functions, subject these 
mathematical tran 
i distribution of h 


values An 


technique 


omputer is of the sort 

det } Monte 

s procedure 
distribution 
values to one 


more 
or more 
sformations, and generate 
ypothetical response output 
important application of the 
is for models whose output char- 
acteristics « 


mathe 


innot 


| 


be determined by formal, 
matical analysis. 
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that and machine 


sources contribute to tr 


tion many man 
cking error 
and create error peaks in each com- 
ponent response error function which 


rates ol 


have random iscent to 
randomly selected amplitude maxim 
although rates of dé 
the peak Ss’ 

are determined exactly 
tude of the 


component 


points, P 


Ser) 
from corrective act 
peak. 

response error 

were always computed indeper 
the 
the computer output was 


of those of other funct 


tracking error tape where 


i 
readings alternated betweet 


The 


format to 


alternation 


the 


functions. 
same output 
our laboratory 
system. 

The model had the fo 


matical properties 


} 
low 


1. The maximum point of 


nent response error function is defined 


is an error peak with an 
value | Che value | 
lected from a 


whose scores h ive a 


umplitude 
israndomly s¢ 
normal distribution 
mean of zero and 


Plots on probability 


ranged + 3.7e 
paper of the distributions of empirical 
Trials 4 ind 60 indi 


cated only a moderate departure from 


error pe iks for 


normality. 

2. The variable 1 
S to reduce E to zet 
relating T to I is | 
b<1 


empirically 


The constants 


estimated 


rom 
ords. Contemporary studies re 
response time to magnitude o 

ment 
bolic 
1949; Craig, 
Craig, 1949; 
Taylor, 1948 


3. The quantity t was taken 


suggest function of this p 
Brown & Slater-Hammel 
1949; Ellson, Hill, 
Fitts, 1954: Se 


type 


irle 


time for the error function to att 
the value | 


selected from the parabolic 


and was randomly 
function 
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and T. 


to attain E 


To illustrate, the 
was taken equal 
to T; found by substituting FE; in the 
parabolic 


relating E 
time t 
function, where E; was an 
from. E; 
from the 


error peak value different 


and was randomly chosen 
normal distribution of Es. 

4. The error function ts linear from 
zero error to E and from E to zero 

5. Successive readings for a com- 
ponent response error function are 
equally spaced in time. 

The record generated by the model 
was equivalent to 10.7 min. of tracking 
and submitted to the TOT 
program for analysis. The quantity 
iP, — Pry | computed for 


each of 20 scoring zones. 


Was 


] was 
Seventeen 
of the differences were zero, and the 
remaining three were .01—indicating 
that the two- 
dimensional tracking records having 


model can generate 
the same close correspondence with 
the independence law as Group I. 
Granting that an error peak is a 
basic tracking response act of sensing 
an error and executing a motor move- 
ment to eliminate it, the intratrial 
patterning ol error peaks can show 
modes of attack and how behavior in 
1 complex tracking task is organized. 
Moreover, it is of interest to see if the 
simulated peaks of the Random Peak 
Model approximate the patterning of 
empirical error peaks in addition to 
fitting the 
evaluate 


independence law. To 


these response patterning 
effects, all of the error peaks on Trial 
4, Trial 60, and in the 


tracking error data were 


simulated 
identified. 
Trial 4 was included for information 
on trends from early to late in prac- 
tice. The definition of an error peak 


was taken to be a 


point of error 
maximum that was followed by error 
decrease without reversal to 


an error range of 0 + 


within 
10, which was 
related to the 
typical criterion of excellence for Ss. 


assumed to be closely 
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The basis of this 
that the two cursors to be aligned 
wide (10 digital units 
0+ 10 


assumption was 


were .10 in. 
and the 
within 


criterion of Was a 


range which separation of 
cursors Was not apparent. 

After the error peaks were identi- 
fied, a probability analysis was pet 
formed. Four types of probability 
were computed : 

(a) Probability of Occurrence—The 
relative frequency of an error peak 
(b) Probability of Repeating 

The conditional probability of an 
error peak in a component task being 
followed by an error peak in the same 
task. C) 

Che 
that an error 
task will be followed by 
an error peak in the other component 
task. (d) Probability of Coincidence 


The conditional probability that the 


in x or y. 


component 
Alternation 
ability 


Probability o 
conditional prob 
peak in one 


component 


error peak of one component task will 


be coincident in with an error 
Because 
the 


functions 


time 
in the other component task. 
recording of the 
component response 


error in two 
eTTor 
was sequential in time, the criterion 
of coincidence was error peaks occur 
ring on immediately successive error 
readings. 

Table 2 the 
probability analysis. Random 
Peak Model good 
correspondence with the probabilities 
of Trial 60 but compares less favor 
ably with Trial 4 by 
the Probability ol 
overestimating the 
Alternation for x. 


results of the 
The 


reasonably 


gives 


has 


underestimating 
and 
Probability of 
The model, bi 
conforming to the independence law, 
fits the TOT data of Group I on all 
trials, but in 


Repeating 


terms of error peak 
patterns it corresponds only to ad- 
The be- 
havioral tendency on Tria! 4, which 
the model fails to 


quately, is a repetitive tenden y, 1.€ 


vanced stages of practice. 


respresent ade- 
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rABLI 


PROBABILII ‘ Is ¢ KOR PEAKS ON THE COMPONENT TASKS x AND 
FOR GROU!I ‘ ' AND 60, AND FOR THE RANDOM PEAK MODE! 


Probability Occurre 
Probability of Repe 
Probability of Alternati« 
Probability of Coin 


999 


it kind ot temporar. | hxatioi could be due to the reduction of erro 


on x before shifting to By Trial 60 through fortuitous cam action in one 


however, the Probability of Repeat- source at the same time that S is 


ing is diminished for x and the _ actively attending to the other source 
Probability of Alternation correspond- and reducing error in it. Coincident 
ingly increased, with the result that peaks also could be a function of 
the patterning of error peaks on Trial precision visual-motor coordination 
60 is about the same for x and y. On where S simultaneously reduces two 
lrial 60, Ss were more efficient as far error quantities with a single integrated 
as the total task is concerned becaus« movement 
they improved their total response lable 3 presents additional char 
patterning by shifting to y more acteristics of the error peaks on 
frequently after responding to a Trials 4 and 60, and elaborates some 
The values for Probability of Coin of the implications of the probability 
cidence show a very slight change analysis in Table 2. Each S of Group 
with practice from Trial 4 to Trial 60, I was given a score on number of 
nd they are ol same approximate error peaks, amplitude ol error peaks, 
magnitude as those of the model. and intererror peak time interval, 
The occurrence of coincident peaks and the group means for these scores 


N nber of err 


Amplitude of « 
digital score 
itererror pe ik t 
summated tracl rro 39648 
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are presented in Table 3. The score 
for number of error peaks was, as 
implied, a counting of the number of 
peaks, but the other two scores for 
each S were means of their respective 


measures. 


The tendency on Trial 4 


to repeat error corrections in = x 
appears in Table 3 as a greater num 
ber ol error pe iks, a lower al iplitude 
and a time 
than 


All of these differences between 


of error peaks, shorter 


interval between peaks for x 
for y. 
x and yon Trial 4 are significant at the 
.O1 level. These 


peaks would be expected to 


characteristics of 
have 
association with an overall higher 
level of proficiency in x, and this is 
tracking 
tracking 


corroborated by a general 
summated 
the 
integrated error measure in the analog 
that 


scores are used . 


measure, 


zie 


error 


same as commonly used 


discrete digitized 
lable 2, however, 
trial 60, Ss have re- 
their tendency to fixate on 4 
and _ repetitively and now 
shift more frequently to y after having 
Che 
increased attention to y results in a 
lable 
3), although the increase in y from 
[rial 4 to Trial 60 falls just short of 
the statistical significance (P =.07 

The greater number of peaks in y 
on Trial 60 
in mean intererror peak time interval, 
and Table 3 
decrease from Trial 4 to 
02 <P < .05 Mean 


error peaks and mean intererror peak 


case except 


shows that by 
duced 
correct, 


nullified an error peak in x. 


greater number of peaks for y 


necessitates a decrease 
significant 

Trial 60 
number of 


shows a 


time interval in x are 


unchanged 


essentially 
with practice. he in- 
crease in number of peaks from 
Trial 4 to Trial 60 for y 


plainable partly in terms of learning 


seems e@xX- 


effects revealed as reduced error peak 
amplitudes which require less time 
With 


for the correction of error peaks, more 


less time needed 


to correct. 


ADAMS AND CARL E. 


WEBBER 


ivailable and 
the number of 


overall time becomes 
it is used to increase 
corrective responses. ‘Tables 2 and 3 


show that whatever amount of time 


was freed as a result of the reduced 
time to respond was given over almost 
completely to additional corrections 
in y. By Trial 60 


mean differences between 


there were no 
significant 
x and y in terms of number of error 
peaks and intererror peak time inter- 
val, although x had a 
amplitude that was 
y (P .02), which is in 


direction as y/e 


mean peak 


smaller than 


the 


same 


DISCUSSION 


Group I once again demonstrated the 
applicability of the independence law 
in multidimensional tracking when the 
input signal to each stimulus source is 
unsystematic, as well as freedom of the 
independence law from practice effects 
further extend the 


Group lI’s data 


generality of the independence law b 


showing no relationship with width of 
which ha not 


Group NI, how 


ever, proved conclusively that the 


scoring zone, an etiect 
been re ported before 

inde 
disturbed | by 


pendence law can _ be 


signals whicl 


redistribute the on-off target events and, 


specially designed input 


when this is done, the applicability of 
the independence law becomes a function 
of scoring zone and practice 


interest is the 
} 


cros 


Of particular 


correlational analyses. whic reve 


Group I’s component response error 


functions as having intrinsic dependen 


cies even though their data conformed 
This correla 


to the independence law. 
tional 
pothesis 


finding igainst the 
that the 


implies independence of 


argues 
independence law 
component re 

sponse acts in multidimensional tracking 
(Ellson, 1947, p. 12) \dditional ev 

dence for dependency was found in our 
analysis of error peaks where substantial 


vt aled 
probability 


orderliness in responding was re‘ 


by the level of conditional 


relationships among error peak occur 
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g all of these findings 
inde law 


for understanding 


ideri 
zone 
15 
ind 


tha 


i Live pendence 


in ( omple X 
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I idepe rie 


3a dis 
ling 
an 


obse 
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r 


mode 
cedural 


ressing 


le p 


racteristics 


of the i iput 


ipplicabili 


AL, TRACKING 


LO] 


Group 


ne nl 


width o 
ot 


system 


Sigh ils 


int practice 


imo 
| 


1 
i iis 


t 
i 


at 
this 
describable 


and 


} 
ha 


ove sted 


the 


su 


} 


past ch in irea 


it 


rest 


t dat 10uld by 


lence law 


ials 


it ig 


rol 
zone 


di 


Lhe in 
ill ill scoring 
NI, 


es were found when the indepe 


j 
I 


i trials 
stantial 


nde 


were 


Group however, s 


these deviations 


ied, a 


the 


eal 
ital 


I 
1954 


47, 37 


he le gth 


1949, 3 
Effect of 


t 
( 1-95 
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duratio respor 
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THE EFFECTS OI 


In recent vears a number ol experi 
ments have attempted to verify Hull's 
basic assumption that habit (J7) and 


D 


strength 


jointly deter 


Spence 


drive mine 
Taylor 


assumption by 


the 


response 
and have 
this 


defined by 


tested treating 


lavlor Mani- 


MAS 


1953) 


imxiety, 
iest Anxiety 


D 


high 


measure ol 


Sc on this. scale ire 


igh D (Hi-A Ss 


low 


SCOTINY 
ssumed to have h 


ind Ss receiving 


to 


SsCOTeS 
D (Lo-A 
in the experimental situation 

In the 
verbal learning, 
MeFann (1956) 
Ketchel (1956), 
(1956), Spence 
Hi-A 

th 


ol 


are 


issumed have low Ss) 


paired-associate 
pence, 
Spel ce, 


area ol 
Farber, and 
Taylor, and 
lavlor 

1956 


nd Chapman 
have found 
that antly 
better 
I] 
stronyer 


| he \ 


mierior 


Js pertorn 
Lo-A Ss in 


the 


signifi 


an tasks where 


the correct 
the 

found 
the Lo 


respo 


response Was 


than mcorrect response 
Hi-A Ss to be 
\ Ss when the // 


was stronger! 


ilso 
to 


of 


the incorrect ise 
Korchin and Levine's (1957) findings 
in the latter 


unable 


were task, 


but 


itl 
they 


ayreement 
were the 


the 


to verily 
Re- 
that 
Ber- 


On k 


results in former situation 


indicated 
x 


cent reports lAVE 
(sordon 


195) 


stress 


psychological 
1954; Lu 
1958 
MAS 
inces of Hi-A 
Deese, | 


yne, is, and SI 
had 
mn =the 


and Lo 
Ta! 


Chiles, the same effects 
verbal 
\ Ss 


Keenan 


pertorm 
llowever, 
izarus, al (1953) 


This 


to the 


i thesis submitted 
Ohio Univer 
the Master of 

indebted to 


vervision 


based on 


tudy is 


Graduate School ity 


in 
partial fulfillment for 


degree The author Paul A 


Games for his suy 


ANXIETY 
PATRED-ASSOCIATE VERBAL 


CHARLOTTI 


scrence 


LEVEL AND SHO¢ 


PASK ! 


ON A 


IX 


the 
shock significantly impaired perform- 
ance of the Lo-A Ss, while shock had 
no effect on the Hi-A Ss 

Most the 
the a 


reported use of intermittent 


ol experimental designs 


11} rea of verbal learn used 


liye 
only normative data in assuming the 


relative habit strength of the correct 
hese norms 


of Il 


ind incorrect responses 


only loosely define the level 


on the particular pairs used 
Castaneda 1956: ( 


1955) 


ras 
pro 
H 
task 
Ss by 


on 


astaneda 
used a different 


the 


Paler no, 


cedure defining relative 
of S-R 
The Hs 


giving them preliminary pra 


ih 
pairs in a psycl 


established 


imomotor 
were in 
tice 
particular sets of S-R pairs that were 
The task 


used in the learning task. 


was then modified by some 


left 
This 


langing 


of the pairs while others were 


unchanged in transfer trials 
is advantageous since 
that all 


transfer period 


design it in- 
the 


postulated 


sures groups during 


have the 
pre-existing I] 

The present study tested the 7X D 
hypothesis using the MAS and shock 
is measures of D in a verbal learning 


situation in which the transfer list 


contained three ty pes of S-R pairs: 


S-R 
ind unchanged S-R pairs 


new pairs, changed S-R_ pairs, 


THOD 


Ohio | i 
the 
MAS 
scores ranged 
14 Che Hi-A 


d ibove 


hey 


al hie ved ol 


f 


were d on basis of 


the 


scores the Taylor 


1953 h 
from 2 31 
had raw 


o) and 


distribution of 


to with a mean of 


Ss scores of 23 ar (upper 
20' the Lo Ss had raw scores of 7 


13 
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rABLE 1 


S-R Pairs FOR INITIAI 
[RIALS 


AND 
TRANSFER 


Re : t ilus Re 


Yonder 
( om posed 


\bsurd Stupid 
‘Pretty Dainty 
‘Faulty I sou 
‘Liquid Solvent AZ\ Inert 
‘Barren Sterile les | hful 
\fraid Timid ita Obscure 
Frigid Chilling 1 t Rustic 
Former Bygone ’ | 
Winding | Twisted Hurried 
Double Duplex l blight, 
Brutal Unkind 

Unclear Obscure 

Speedy Hurried 

Fickle Flight 


Rustic 


id (or c1us 


Rural 


lower 20°; 
\ Ss were subdivided 1 


Shock 


and below 

Hi-A and Lo 
but ) 

Shock group with resulting Ns of 15 in 
four groups. Three Ss, two Hi-A 
L.o-A, were discarded for failure to 
established criterion of learning in the initial 
One S i » Hi-A Shock 


ormal emo 


indomly 
No 
each of 
ind 


equally into a group and 
one 
meet the 
learning trials 
group was discarded due ibr 

transfer trials 
the 
s discarded because of 


tional reactions to shock 
and refusal to continue in 
One Lo-A S w 
infection 

Apparatus and material Iwenty p 


experiment 


n eye 


indicated as S-R 
1949) list of 


Four lists of five 


of adjective hereafter 
pairs) from the Haagen com 


mon adjectives were used 
pairs, equated for association value (closeness 
of association between S-R pairs), familiarity, 
The lists 
Che mean associa 


\ modified 


present 


and length, were constructed 
are presented in Table 1. 
tion value ranged from 2.2 to 2.6 


Lafayette memory drum was used te 
the S-R pairs 


Che shock apparatus 


connected to 


consisted of a v iriat 


transiormer two electrode 


made with silver dimes. The electrodes were 
on S's wrist approximately 1 in 
wrist band. For 
the through 
transformers back 
Ihe shock duration of 1 sec 


Hunter 


fastened 


apart by means of an elastic 


protection shock circuit went 


two 6.3-v. back to and 
fuses of .5 amp 
was controlled by a 


Model 115 


electric timer 


CHARLOTTI 


LEI 


Procedure Lhe Ss were seated at 


across from E with a board shielding E 
method used in 


anticipation was 


the S-R pairs with both stimulus and response 


pre senting 
words exposed for 2.2 sec The Ss were asked 
to name colors off the drum during the 11-se« 
interval between each trial 

Each S 


asked not to respond on this 


received one tation trial 


were trial 

ind four initial learning trials on the 15 S-R 

pairs. The order of the pairs was randomized 

in three different sequences with the restri 

tion that no two words beginning or endi: 

with the same sound might appear in 

ion All 

rect responses | 

trials or they irded.? 
\fter the four initial trials, t! 

No-Shock Ss 

\t the 


trodes 


Ss had to give at least seven cor 
one of the four initial lear 


were dis 


begi 
were 
the shock wi 
reported pal 
t pe iod Ww 


that 


spent 
were pasted on a_ board 
The No-Shocl 
) 


colors throughout the 2 i 


memory 


arum 


inte rruptior 


The seven learni y tri 
followed, the f 


list ther 
trial Phe 


No-Shock gro 


presentation ictior 
Sho« k and 


the Shock 


were 
that 
rey irdless 


were told 


gr 
going to be shocked 
pertormance was not ent 


the No-Shock 


ZrOUpS WAS Similar 
] 
i 


he procedure for 
to that used in the i 


earning trials except that a new list 
used and the shock was adn 
the Ss The Shock 


shock intertrial 


pairs was 
istered to half of 
ceived a_ 1-se 
void issociatio wi 
The shock 
administered approximately 4.4 s¢ 
last S-R_ pair that 
f the intertrial interval elapsed between the 
end of the shock and the start of the next 
trial 


The tran 


interval (i order to 
always 
ifter the 


5.6 sex 


specific responses was 


was removed so 


2 The gth of the initial learning period 


was set trials as a result of two pilot 
ceiling 


If all Ss 
five Un 


studies reduce 


effects on the | 


the possibility ot 
changed pairs 


have five correct responses to the 
changed pairs the 
period, it would obviously be impossible for 


Hi-A 


regard to 


during second learning 


Ss to be superior to the Lo-A Ss in 
Unchar ged 


performance on_ the 


pairs 
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rABLE 


or Correct REsPo 


l.o-A No-Shock 
Hi-A No-Shock 
Lo-A Shock 
Hi-A Shock 


n the initial 
nchanged 


mH ide 
lists 


with the additional r 


» more than tv words in the 
hanged, Unchanged, and Neutt 


if in 


( 
aL 


| that 


Lined 


some ot t 


the 


Se stimulus 


wit 
Re 


( ompeti 


interval ord was also kept 


g responses 
se word used 


trials that 
tial learni 


, 
ses that 


incorrectly ler was on 


the trials 


} 1 
nis mec 


respo K 
were 
ii of the 


wro stin 


Neutral 


ulus on 


w sti 
to the 
nch Ithough 


inother 


ged Irs, 


till correct for 


included 
the Cha 


respo $ I 


ged pairs 


total number ol correct re 


Lhe 


sponses made on the initial learning 
a 
the 


not 


trials was determined for each 


The and 
Hi-A Lo-A 


significantly different 


means Variances ol 
were 


119, 58 d/ 


and LroOups 


PAIRED-ASSOCIATE TASK 


NSES IN TRANSFER TRIALS 2-7 


number 
Pair 
summated the last 
The mean number 
f each of the four groups 
different P Cat 
[ nch inged, ind 


ible 


tot il 


Phe 


sponses for each ( were 


over SIX translier 


‘ 


trials. ol correct 
responses O 
the three 
gories (Changed, 
Neutral) 
The Hi 


correct 


over ull C- 


) 


is presented in | 
\ Shock 
responses when the pairs were 
Lo-A No-Shoc] 


the Cha 


group 


Lroup gave more 


Unchanged than the 
Hlowever, in wed 
the Hi-A Shock 
lewer correct responses than the Lo-A 
No-Shock The Lo-A Shock 


yave correct responses 


yroup 
pairs, gave 
group 
group lewel 
than 
all 
lor 
the 
not 
(x? 
The 
variance 
on the transfer trials 
lable 3 
Shock, a 


teraction 


three groups in 
\ test 


with 


did 


the other 
the Pair (¢ 


homogeneit \ 


itegories 
ol 
transier 


groups itor 


yield any significant 
3 87, 56 df 
Sumilary ol 


Lindquist, 281 


1956 


p 
Is pres¢ nted i 
Anxiet 

Shock 
rn llow- 


etlect | al ite 


The main effects of 
d the Anxiet 


were ill 


x 


not 


ever, the main 
Was ter 


significant ne wm 
tegories and Drive 
Anxiety 
interaction 


vories 
actions of Pair C 
Shock ot 
The 


itegories, 


in terms ol were 


triple 
Anxiety, 


significant 

of Pau 

Shock wa 
IX 


and 


( 
s not significant 


; 


tests lol independent groups 
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PrABLE 


VARIANCE OF CORRECT 


RESPONSES IN TRANSFER 


\NALYSIS Of 


) 


TRIALS j 


Between-Ss 
Shock (S ) 03 
Anxiety O08 
SXA 07 
Error (b 

Within-Ss 


Pair categories — 


were computed, three three 
Pair ( Lo-A 
and three on the Pair Categories 
of Shock vs. No-Shock 
vielded two 


2.88 and 


ategories of Hi 


he results 
significant f’ ol 
3.00 with 58 df for the Hi-A 
and Lo-A groups on the Unchanged 
pairs, and Shock and No-Shock groups 
on the Changed pairs, respectively 


only 


The competing responses given by 
Ss were summated for the four groups 
) x ) 
No significant differences were 


and a factorial analysis was 


run 
be due to the low 
The Ss 


instead of 


found. (This may 
frequency of such responses 
tended to remain silent 
guessing despite /’s instructions that 


guessing would not be penalized.) 


] JISCUSSION 


ised 


stre ngth 


Che initial learning trials were 


ry 


In an attempt to establish // 


for each S on specific S-R pairs, rathet 
data Phe 
populations 
on these trials was that of D level based 


on MAS scores (Hi-A vs. Lo-A). The 


conditions of the initial learning trials 


than to rely on normative 


only distinction between 


were very similar to the learning situa 


CHARLOTTE LEE 


tions in other experiments using high 


S-R 


simi 


between 
intralist 
E here did not formally attempt 
to control intralist 


association connections 


pairs except possibly in 
larity 
similarity: however, 
pairs were discarded during two pilot 
studies whenever there was evidence 
that intralist competition existed \l 
though there was a slight superiority in 
\ Ss during this 


difference 


performance of the Hi 
learning period, the was not 
significant 

The analysis of the mean number of 


correct responses in the transfer trials 


generally supports the predictions dic 
tated by the H XK D hypothesis The 
interactions between the Pair Categories 
and the two Ds, and Shock 
were significant, that the 
effects of D, either in 
or Shock, on 


type ot 


Anxiety 
indicating 

terms of Anxiety 
performance depend on 
involved 


In other words, the Hi-D Ss performed 


Pair Categories 
better than the Lo-] s on the Us 
orrect H 
performed poore 
on the Changed pairs when the incorrect 
H was Hi-D Ss 
performed better th: i soon 
Neutral pairs when the correct Hf may 


presumed to be 


changed when the « 


dominant, but the 


dominant The 


dominant, although 


difference between the two groups wa 


] 


not as pronounced as in the Unchanged 


pairs. Thisisin accord with the author 


assumption of the limitations of a 


normative definition of habit strength 


ig 


since the initial learning trials increased 


or established the S-R habits for the 
Unchanged S-R_ habit 
or the Neutral pairs depended on the 


normative 


pairs, while the 
generalities only 
Although interactions of D and Pair 
Categories were significant, the separate 
analysis of the = six 
| 


ont 


possible t's found 
significant The Hi-A Ss 
significantly bett than the 
2.88 
and the Shock group 
performed significantly poorer than the 
No-Shock group on the Changed pairs 
t = 3.00, df = 58, P < .01). It should 


be noted such ¢ tests involve 


two to be 
performed 
Lo-A Ss on the Unchanged pairs (¢ 
df = 58, P < .01 


that 


between-Ss 


error term whereas the 
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| ASTANEDA, 
ty as measured by 


Shock, and Pair Categories 


homotor 
considered chronic, 
experimental situations re 
whether noxious stimuli are 
Anxiety X Pair Categor 
interaction under the Shock condition 
did not differ significantly from that 
found under the 1iock condition 
This would be D if the MAS 
predictions w specifi to noxious SORDON. W. M.. & BERLYNI 
stimulus seats concluded level and flexibility 
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Che question Ol span-Ol-aj] prehe¢ n 


sion asks how 


many 


things the mind 
| 


appears that one can easily see two o1 


can apprehend in a single instant. It 
three dots, but 
The accuracy 
dots 


not in a 


sh 


ol 


single 
udging the 
the more 
are present Hunter & Sigler, 
1940). Schlosberg (1948) studied the 
Hunter-Sigler data and that 
O usually the 
number a fraction, pro- 


glance. 


number of decreases 


dots 


noticed 
would underestimate 


of dots by 
ducing a roughly bell-shaped distribu- 
Schlosberg then 
gave the Hunter-Sigler effect a prob 


ability interpretation. Suppose that 


tion of judgments. 


dots are presented and there is a prob 
ability p that any particular dot will 
be detected. Suppose further that the 
probability of detecting a dot is inde 
} 


hat other dots are 
detected Then the 


ability of dete ting all m dots is a and 


pendent ol w pre 


sented o1 prob 
in general the probability of detecting 
exactly r of the n dots is given by the 


binomial distribution 


| 


found that thi 
the Hunter-Sigler data 
More direct the 
(Casperson & Schlosberg, 1950 
On trial, 
when m» dots were presented, O was 


s theory 


Schlosberg 
agreed with 


test ol 


quite well 
theory 
also favorable. 


Was each 


asked to state how many dots were 


present. Theoretically, O's response 
corresponds to r and the binomial dis 
the that 
the response will be r when nu dots are 


tribution gives probability 


1! Now y of Michig 


)| 
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DETECTING 


DOTS 


SMALI 


AND CHARLES KIESLER 


It 


that on occasion O might give 
retically 


presented was noticed, howe ver, 
i theo 
impossible response by re 


porting more dots than were pre- 


sented. ‘To minimize such outcomes, 
Owas instructed to report only dots he 
saw ‘‘forsure.”’ Thisreduced the num 
ber of impossible reports by biasing Os 
toward reporting small numbers 
Casperson and Schlosberg’s test of 
the probability hypothesis suffers from 
First, 


their theory takes no account of “‘false 


several con eptual difficulties 
alarms,”’ responses to dots which are 
not actually present. 
to 
but it is doubtful that any procedure 


| hey attempted 


minimize reports of absent dots, 


can eliminate them entirely without a 
yreat Sat rifice in detection lanner & 
Swets, 1954) Second, since they ask 
they 


have no way of knowing which dots 


only for the number of dots seen 


are seen, and hence can make no direct 
test of the hypothesis that the pre b 
ability of detecting a particular dot is 
independent of what other dots wer 
present. Third, the response obtained 


is a judgment of numerousness, sub 


ject to possil le bi iscs, V iriable errors 
i the 


nbet 


P whi h would mM ike 


the 


¢ judyen 
different 
ictually de 

\ 


determine which 


irom nul 


Lec ted 


solution to these problems 


aots are detec ed 


a display Then one yets intormatiol 


false 
to determine if the probability of ce 


about alarms, and it is possible 


tecting a particular dot depends ¢ 
\lso, 
with de 
than 
We report here two ex 


what other dots are present 


this case, one deals directly 


tection responses rather with 


judgments. 





DETECTING SMALL NUMBERS OI 


periments in which the detection of 

particular dots is observed, and in MION OF 
irranged 1 
for each trial 


0 received 10 trials 


which the probabil ty hypothesis « in 
be subjec ted TO < lose scrutiny, 


nsidered tr 


; were located at 
sides of white « 
of all 16 coml 
schedule, bu 
by ibo t 
exposures 


I 
cards About 70‘ 


detected and there 


ilart One of the 
than the other 


even illur 
ireque cies ol 


3 others were 





RESTLE, J. RAE, AND C. KIESLER 


FABLE 2 \ what oth present for 
: . . ) S 
PROPORTION OF CORRECT DETECTIONS Cor ( 4 dot 
RECTED FOR FALSE ALARM RATE AS A rhe occurrence of false alarms raises a 
FUNCTION OF THE NUMBER OI serious problem in the ordinary technique 
OTHER Dots PRESEN? of asking O how many dots he sees It 


Exp. Il Is quite possible tor © to repor 


which are not there, and more dots 
oa umber of Other resent are shown This makes it impossible t 
Dot Correctly accept Schlosberg’s probability model a 
— stated above \ccording to that theor 


the theoretical probability of detectir 


lop 
Right 
Bottom 5 . 4 However, the probability ol reporti 


more dots than are shown must be zer 


Left 2 more dots than are shown is not zero 


\side from these technical difficul 
Mean 


however, the general intention 
Schlosberg theory fares rather well w 
applied to our results We have no 

lable 1 shows the relative frequencies peatable evidence that the probabilit 

of detection of dots in the various posi- detecting one isolated dot changes w 

tions, as a function of the number of the number of other dots presented 


other dots present. It will be noted rhis suggests that the several detection 


that there is no tendency for the pro- = ™#) independent random events, th 


point ot Sx hlosber rs nyecture 


° main 
portion of detections to increase (o1 


decrease) with the number of othe 


dots present. { t a dot will be reported if 


Each O's data were corrected for 
5 be reported i there 
guessing and the resulting corrected 


\ positions or possib 


proportions were averaged. The re presented, one 


i 


sults are show! in Table 2 From this that & will be reported 
reported are I 


table it is seen that there is « gain no 
sented and & 
falsely reported 


quency ol detection to vary with the ported wit 


tendency for corrected relative fre 
prob 
number of other dots presented. In such dot 

view of the absence of a trend, n dot 
tistical tests on the data were 


performed. 


DISCUSSION ject must report ¢ 
dots There ire \ 
We have approached the classical prob ibility p’ that a 
lem of span-of-apprehension as a problem probabilit 
in simultaneous detection of several iso ilarm 
lated targets From this point of view 
we have asked our Os not only how many, 
but which dots they saw As a result we 
have two observations to report: (a) the : 
; ; \ report of exac k dots may be made 
fairly high frequency of false alarms, ; ; 
iny combination of r detections and 


oo > > > | 
which would be expected from the fae false alarms. For any particular r we mult 
that we have a detection experiment, and the two above expressions to the 


b) the finding that the probability of de ility of & reports, 
tecting a certain dot is not much affected fe ll possible 
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used 
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ns or possible 
light 
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ippre he 
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tected, but which form patterns or which 
inhibit one another, will no 


Che 


ma See 


reinforce or 
doubt introduce serious difficulties 


results of Exp. I suggest that O 


dot some 


combinations of more than one 


what more easily than he sees an 


vidual dot In other cases one might find 


competition between the dots 
It would be 


ditions by 


Various 


reasonable to seek such con 
than four dots by 
and bv 


dots 


using more 


placing the dots close t ther 


er 
suitable configurations of 


results of Exp. II 
from which 


using 
Phe 


base 


provid 
provide a 


main 


interactions Ca 


line 
to ope nan 
lh, +} 


measured and seen 


promising approa¢ 
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questior 
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SUBJECTIVE SIMILARITY IN 


PWO PERCEPTUAL 


CONTINUA 


GOSTA EKMAN, GUNNAR 


Similarity as perceived by an O in 
psychologic al experiments or by any- 
body in daily life is a_ frequent 
attribute of psy hological des« riptions 
and 


explanatory 


has also often been used as an 


concept. In most of 
these cases there has been a certain 
confusion ol objec tive and subjec tive 
similarity. A methodologi il analysis 
of the concept of similarity has been 


Noble 1957). He 


concludes that similarity as a relation, 


presented by 


is itself intrinsically nonmeasurable. 
The present study, on the 
hand, is 


other 
concerned with subjective 
is naively perceived, 
this 


similarity, as it 


and with the problem how 
experien e arises 

Ina 
was investigated by Eisler 
1959) for the 
A ratio scale of 


loudness was 


previous study this problem 
ind Ekman 
dimension of 
pitch al 


obtained In 


pit h 
constant 
first 
another experimental series similarity 
estimates were obtained for all com 
binations of seven frequencies (rang 
ing from 200 to 13,000 cps 
loudness. It 


ol equal 
that 
between 


was shown sub 


jective similarity two 
tones was a simple function of the 
scale values (R;, R;) of 


the pitch continuum, 


the tones in 


This 


similarity 


that subjective 
in the dimension of pitch 


the the 


result means 


is equal to ratio between 


Swedish 


This study w supported by the 


State Instit f Psyc 


GOl 


YVONNE WAERN 


lowest 
the 
included in the comparison 

Che study of pitch similarity was 


scale values of the two tones 


carried out as the first in a research 
project on mechanisms of similarity 
in unidimensional Che 
the study | to 


investigate these mechanisms in two 


continua 


purpose ol present 


other pe rceptual continua: subjective 


darkness and subjective magnitude 


The hypothesis of this study is that 


subjective similarity also in these 


continua may be adequately described 
by Equation 1 


IeXPERIMI 


his experiment was st up with 
V} periment t uy 

the purpose of investigating similarity 
between percepts varying presumably 


only with regard to darknes 





ipply also to the subje 
of darkness In orde 
hypothesis, Equ 

in the form 


nd theoreti il values of sin larity 


were obtained by applying this for 


mula to the matrix of mean rat 


it) 
estimates These theoreti 


ire shown in | ible 3 

tes were 1 , > 

, Inspection ol lables 1 ind ) 
vided formed 


madi ites a good igreement between 
scale ranging trom 0 to 1, where ; : 
experimental and_ theoreti values 


denot n sa ehege en of ditiales Phis wreemeni 
eG are sown further illustrated by 
| ’ 1 \ sti ight 
fitted by the method of lea 
to the da 


equation 


O.005 
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lhe of this 
rather close to 0 and 1, 
Ihus the 
pothesis 


constants equation are 
respec tively 
the 


similarity 


results 
that 
the dimension 
to the 
by Equation 1, 


support hy 


subjec tive 
ol 


in darkness arises 


according same principle, 


indicated s the 


in 


previously investigated case of pitch 


EXPERIMENT I] 


This 


investigate 


experiment was designed to 


similarity between per- 
cepts varying presumably only in the 


dimension of subjective visual area 


Ve thod 

Five circles 30 
40, and 50 mm 
The 


white 


diameters 20 
used as stimulus material 


India ink on 


two each 


were 
were drawn with 
150 XK 210 
card in all possible combinations so that there 
10 


to O one at 


cire les 
cards, mm., on 
The cards were presented 
They 
400 mm 
lhe experimental steps were the same as 
in Exp. I Similarity 
obtained ile 


estimates 


were cards 


a time were viewed from 


a distance of about 


estimates 


0 


were 
10 

obtained 

the 


to 


on a 


'€) 


s¢ ranging trom 


For each four were 


{ pper-lower rotated and 
ot 
domized b 
the 
made four estim 
ot 


randomized in the first step 


position was 


order stimulus combinations was ra 
were obtained 


Each O 


rotated 


Ratio estimates 


as in previous experiment 


ites Position was 


and order stimulus combinations was 


Five Os took part in this experiment 
male and four female students of psychology 
20 vr 


d the 


their ages being about The similarits 


estimation always precede ratio esti 
tion i this experi nent 


RATIO ESTIMATES 


DI 


AND Y. WAERN 


LHEORI 


Re 


SU 


The mean similarity estimates were 
10 and 
to a scale ranging from 0 to 1 as in 
Exp. I. They Fable 4 


shown 


j 


divided by thus transformed 
are shown in 
Che mean ratio estimates 
Table 5. 
Theoretical 
to 


ire 
in 
similarity 


| 
) 


values 
according the hypothesis wert 
computed by applying Equation 
the 
Phey 
The 
mental and theoretical data is furthes 
illustrated by the triangles in | iv. | 


The best-fitting stra lin 


to 


matrix ol mean ratio estimates 


lable 6 


between 


are shown In 


agreement exper! 


yht for the 


data of | xp I! has the equation 


0.036 + 0.99 


Aceording to this the 
hypothesis expressed by 


be 


approximation 


experiment, 
I quation 1 


may accepted ist is a good 


Discus 


ION 
Since the results from the vo exp 
ments of this investigation show the san 
general trend as the results obtained 
the previous 


experiment pitcl 


data from all thee experiments | 


on 
lave be 
summarized in Fig. 1 

The plot 
trend Chis 
expressed in Equation 1 
that 


exhibits a clear diagon: 


represents the hypothe 


which 


mea 


subjective similarity between ty 


percepts varying in a single perceptu: 


the ratio betwe 


dimension is equal to 





SIMILARITY IN TWO PERCEPTUAL CONTINI 





The present experiment 
intrasubjective relations ma 
iM quite simple even when the trans 
formations from stimulation to subjective 
response are highly complicated 

The question may be raised, 
similarity was measured 
experiments The me 
these experiments mat‘ 
considered a 
estimation, yhe! 
larity identit 


the scale value 10; dividing the estimate 








by 10 would according 
02 O« 06 values in terms of fractions 
Since the first experiment 





Theoretical similarity 
undertaken, this questi 
experimentally investigated 
tion similar to Exp. II of 
study, Ekman and Waertr 
ured similarity between 

faces by two methods 
arithmeti the experiments, similarit 
on this were obtained by 
continuum, provid measurements magnitude estimation 


expressed it I Ci Since present experiments 
relation | n | verified in 
quite lifferent ptual con ill possible pal 
ind to estimate 
the similarity 
the similarity 
as a methoe 
two scales t! 
mately | 
\ccordinglh 
these experi! 
rrespone neasured on 
bet veen Finalls SOT 
de (2R he similarit 
ignitude 
smparison Steve 
iatically very scales 
simple A pointed out by Eisle scales 
and Ekman (1959), it may be character plotted against a rati 
red as an empirical equation without data exhibit a tren¢ 


empirical constants. It will further be downwards. This means th: 


ted th. he equation is entirely in distance on itegor\ 


ive 1 rhis, in fact, is one of responds to an it asit 


where subjective the ratio scale Stevens 
mechanisms have been quantitatively explain this phenomenon b 
investigated Years ago, Guilford (1939) to the fact that just noti 


suggested resear this kind, which ences in subjective 


} 


he called “‘psychodynamic” and which position on the subjective 


he illustrated by a co 


j 


or experiment he similarity principl 
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\ssume for the 


working with a method 


alternative explanation 
moment that O, 
intervals or any 
fulfill 


steps 


ol equal 


appearing 


other category method, tries to 


SUCCESSIVE 


the requirement that 


should be equal by making succe 


pairs equally simila 


or distances on. the 


category scale will correspond to equal 


i 


successive ratios on the ratio scale 


This principle is illustrated in Fig 


where a ‘‘category scale’ (ordinate has 


bee n constructe d by 


have i ¢ 


letting successive 


pairs nstant subjective simi 


laritv of O.S8O, corresponding Oo 


jective ratio 2/3 This interpretation 


does not without further assumptions 





Category scole 











6 


2 - 


Ratio scale 


Fic. 2 


against a 


Artificial categor\ 
The « 
the 


ratio itegor 


was constructed on assumption th 
obtained when succes 


The 


a just notice 


“equ il intervals”’ are 
sive pairs are made “equally similar 
diagram further illustrates that 
able which is 


similarity will 


constant on the 
with the 
subjective magnitude when measured on the 
ratio level. 


difference 


continuum increase 


DE, AND Y 


WAERN 


account rT the introduced l 


categor\ scales by Various principle 
of stimulus grouping (Ste. 
ter, 1957) but 


not 


ens & Galan 


the alternative interpre 
better oll 
The 


solved without 


tation does seem to be 


from this point of view prob 


m cannot be further 
experime ntation. 


Che 


cussed 


alternative interpretations di 
funda 


finally as 


here may however be 
identical Let us 
that a 


difference 


mentally 


sume just noticeable timulus 
similarit) 


from 


corresponding 


onstant on the 


Is ¢ 
continuum ‘ be shown 
quation 
AR on the 
increase with R, as is 
cf. Ekman, 1959 
seen from Fig. 2 
In further 
jet tive 
be ot 
cepts ol 


level will 
the case 


is also easil 


difference ratio 


usually 
This 


experimentation on sub 


act ordingly, 
t} 


similarity it may, 


interest to considet also 


“distance” and “just noticeable 


difference’’ as well as the relation bs 


tween category scales and ratio scales 


If the relation between category scales 
and ratio scales 


S¢ ribed by 


were completely de 
the principles of similarity 
dis¢ ussed 


here this relation would be a 


function, which in 


Similarity 


simple logarithmic 


general it is not. may, how 


ever, be one of several cues guiding O 


in his efforts to construct the interval 
scale required by EF’ 


s instructions 


SUMMARY 


The chanism of subject 
gated for the perce 
ot dark CSS d 


Similarity 


were Inve 
subrective 
ined 


ubjective 


1ates were obt 
and 
constructed It is 


scales of dark Ss 


shown that similarit 
the 


d the 


two percepts 


betwee two percepts i i to ratio 


] 


between the lowest scale value an aver 


age of the scale values of the 
This 
continuum of pitch investigated in a previou 
study by Eisler 
of the results for scaling theory 
Experimental 
differential 
continua are tentatively interpreted in term 


is the same relation as was found for the 


and Ekman. Some possible 
implic itio 
findings con 


are discussed 


cerning sensitivity in subjective 


of the similarity principle 
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hology 


STUDIES OF 


DISTRIBI 


TED PRACTICE: 


XX. SOURCES OF INTERFERENCE ASSOCIATED 


WITH DIFFERENCES IN 


BENTON J]. UNDERWOOD 


Vorthwe 


The 


learning 


present studies deal with 


and retention of paired- 
a function of massed 
As inter- 


list interference builds up across lists, 


associate lists as 


and distributed acquisition 


distributed practice is more and more 
likely to facilitate 
learning; this fact 
learning is carried to a fairly high level 
(Underwood & 1958). 


However, there is no indication that 


paired-associate 
is quite clear if 
Richardson, 


for varving levels of interlist inter- 


ference distributed practice will be 


followed by better re- 
than 
(Underwood x 


1958 


apprect ibly 


tention will massed practice 


1957, 


results 


Richardson, 
This is conti iry to 


found with = serial learning where 
distributed practice gives better reten- 
tion than does massed practice when 
interference is high (Under- 
Richardson, 1955). It is 
that s the focal 


experiments 


interlist 
wood & 
this 
point ol 
The 


dropped bv 


v 
c 


contradiction 
the 
matte! 


present 
course, be 
that the 


represent 


could ol 


assumMiny con- 


tradictory results conse- 


quences of intrinsic and fundamental 


differences in 


paired-associate and 


serial learning. However, in the 


interest of empirical continuity across 
tasks, it does not seem appropriate 
such an until 


to make assumption 


more exhaustive analyses have been 
made. 


In the paired-associate studies re- 


ferred to above, the lists were con- 


1This work was done under Contract 
Nonr-1228, Project 154-057 between North 
western Universit ind the Office of Naval 


Research 


LEARNING AND RETENTION! 


RUDOLPH W. S¢ LZ 


structed so that interlist interference 


was generalized; formal similarity 


(repeated letters) was not spec ific 
either to stimulus or response terms 
to make these 
the 

better 
than 


massed practice, intralist letter dupli 


Furthermore, in ordet 


lists comparable to serial lists 
which had 


following distributed 


given retentior 


following 
cation was fairly high. The objective 


of the present experiments was to 
isolate these various sources of inter 
First, 


made as low 


ference intralist similarity 


was as possible for -all 
lists. Second, in one set of conditions 
interlist interference was 


Third, in 


set of conditions interlist 


built up 


among resporises nother 
interierence 


Finally, 


by using different classes of materials 


was built up among stimuli 


for stimulus terms and_ respons 


terms, interference between stimuli 


and responses was largely eliminated 
in all lists. The empirical question is 
as interference builds up across lists 
distributed 


what is the influence of 


practice on learning and retention? 


METHOD 


Iwo 
In one the list had adjective 


lable is re 


t will be referred t« 


experiment 


terms ind nonsense 
terms Thi 
Exp \-S 


said to Is¢ 


experin 
idjectives-s llables or will be 


\-S list 


the nonsense 


In the other experime { 
svilables were used as stimuli 
and the adjectives as responses. This will be 
referred to S-A. For 


identical 


as Exp both experi 


ments the lists were is far as par 
ticular items and 
ved ; the 


form the S 


particular pairings were 
\-S lists were iply “turned 


\ list 





DISTRIBUTED PRACTICE 


rABLE 1 


SED IN EXPERIMENT 


I—OAW 
JOH 


gy trial 
ll the 60 
All Learning Ihe basic response me 
ure used was me | 


wall I 


correct 
responses over the 


ted to 
. on possible trials 
hour 


Chis measure 


ting the results for the 
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MASSED 
DISTRIBUTED 


3 8 


MEAN TOTAL CORRECT RESPONSES 
a 
°o 











LIST 


hic. 1 
and distributed practice for syllable-adjective 
S-A) lists and adjective-syllable (A-S) lists 


Learning as a function of massed 


list for both sets of lists in Kig. 1 


It may be noted first that the S-A 
than 
the A-S lists, which confirms previous 


lists were much easier to learn 


that 
term is 


findings the 
critical for 
learning than is meaningfulness of the 
stimulus term (e.g., Underwood & 
Schulz, 1960). Looking at the results 
for the S-A lists it can be seen that 
distributed practice produced no ef- 
fect on learning the first list 
for the fourth list it 
sulted in poorer performance 
did massed practice. 
tistically 
between 


meaningfulness of 


response more 


while 
actually re 
than 
However, Sta- 
the interaction 
intertrial interval 


speaking, 
lists and 
was not significant. Thus, as inter- 
ference increases among stimuli across 
by 
That 


lists is indicated 


lists, no facilitation distributed 


practice is evident. there was 
interference among 
by the fact that there is no sign of 
learning-to-learn the first 
the fourth list (thus suggesting in- 
creasing interference); this was true 
in spite of the fact that Ss were naive 
to verbal learning at the start of the 
experiment. 


from to 
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the A-S lists, it 
had 


first 


Turning next 
can that distribution 
little influence on the 
list but it appeared to facilitate the 
learning of the fourth list. This latter 
Phe 
interaction between intertrial interval 
6.78, which, 
1 and 94 df, nearly attains the 
the 


between 


to 
be seen 


learning 


effect is significant statistically. 


and lists gives an F of 
with 
value needed for significance at 
1% level (6.90). The ¢ 
mean total correct responses 
massing and under distribution on 
the fourth list is 2.39. It 
concluded that as interlist interference 


undet 
may be 


builds up among responses across lists 
there is an increase in the likelihood 
that distributed practice will facili- 
tate acquisition. Again, the lack of 
learning-to-learn is noteworthy. 


The all 


indicate a heavy increase in proactive 


Retention. raw re scores 


inhibition between the first and fourth 
list. ‘This may be seen by calculating 
the percentage recall using the num 

ber correct on the last original learning 
For the massed A-S 
lists the percentage rec all for the first 
list is 78‘ the fourth, a 

For the S-A lists, the corresponding 
values are 91% and 44%. 
the critical data 
as a function of 


tribution 


trial as the base. 


o, ior 36 
However 
concern retention 
massing and dis- 
to this difficult 
measurement problem that attention 
is now turned. 


and it is 


As noted earlier, intertrial interval 
did not influence learning of the first 
list for either the S-A or A-S 
Likewise, significant difference 
in retention 


lists 
no 
following 
massed and distributed practice for 
the first lists. However, evaluation 
of differences in retention of the 
fourth complicated by the 
differences in learning as a function 
of intertrial interval. The learning 
and relearning curves for the fourth 
lists Fig. 2 the 


Was observ ed 


list is 


For 


are show Nn in 
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Acquisition and relearni: 


on of massed and distributed lear 


\-S lists, the difference in learning as superiority for the massed group, 


function of itertrial interval is even though this group was superior 
‘ 1 ' 4 i 4 . : y 1 

clearly appa Roughly speaking, throughout learning. 
however, Cal nd relearning dif- 
ferences appx t be of the same lo evaluate differences i 
confoundi Zz by differences 
| jmole orohahil 
b icarning, t Simpie probabil 
end ol learning lhe question ts “i 


nagnitude ; hose present at the 


1 used to estimate the 
whether or not any difference can be which would have been corre 
, 


ittributed to the method of acquisi- trial been given immediately 
| 


s method fers <o hat a 
ion (massing vs. distribution) over Chis me rd di T iewhat from 
previously described L' nderwood 
rhe first 11 trials were used to determin 
reinforcement history of each item 


the >- \ lists an evaluative problem were categorized according to the 


ind above the effect of the methods 


on level ‘arning attained. For 


is also present. These lists were of times they had been correctly 


. reinforced) during the first 11 trial 
learned a little better under massing priereames eo . 
y each item was classified as havir 

than under distribution, but recall it iin © 
was better following distribution, 


and 8 items for each list, a total 


and the relearning curves show no was divided amor 


‘sh 
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the the 
the 
Dhes« 


crit Statist is 


il 


which 


each category 
of 
1 ) 


against 


correct 
then 


ments, 


proportion items was 
lrial 


plotted 


on proportions were 
ot 
and extrapolated to determine the proportion 
items which had 
its For the 


present 


number reinforce 


which would be correct for 
12 
present data little or 
this 
asymptoti 


been given reintorceme! 
no error can be 
extrapolation since the 
at .9 alter 
The above procedure 
be ite 


whi h 


in curves il 
ibout 9reinforcements 
vields a table which 

the ot 


correct inother 


may used indi proportion 


items would hac 


For example, consider an 


12 


such 


trial bee given 
luri ig the 


of 


1 four times correctly 
trials The 
an item being correct on a hypothetical 
the 
which had been wive 
to Trial 12 The table 
course, based the 
ibined However, at 
obtained for each S 
detail 


1957 


item give 
acquisitior probability 
next 
trial is determined b 
Trial 12 


s correc tly 


proportion of items 
correct on n tour 
time 
of probabilities is, 
ill 
expected score ¢ 
This method h bee! explained in 
elsewhere Richardson l 
sriefly, item 


a proportior 


prior 
of 


ot Os 


col 


be 


scores 


nderwood 


each for give S is assigned 
by the 1 
had during learning 
proportions for the ite 
1 together to obtai the expected score 
the S \ loss score, which is the number 
obtained 24 hr 
number expected, is the: 


These distributions 


ed 


item 


unber of 
reinforcements that 
The se 


addec 


eight ms are 
for 
ot 
subtracted from the 
obtained ch oS 
le Ps be 
ation of difference in retention between list 
should be the 
technique esti 
Che 
ind obtained after 
For the A-S lists 
the for the massed condition on the fourth 
list 61, for the distributed, .68 
S-A lists the corre spondi: yg 
These 
tically 
of 
attenuate 


correct responses ilter 


lor ¢ ol 


used for statistical evalu 


scores can 


Some evidence ibout 
of the 


expec ted 


yiven 
ibove for 


recall 
tri 


reliability 


mating two scores, 


predic ted for next 


24 hr , Cal be correl ted 


For the 


50 and 


is 
values ire 
highly 
of the restricted 
which would tend to 
they be 


i high relatio ship bet weet 


correlation ~ 
and, 


recall 


10 ire significant 


statis view 
scores 
correlations taken 
ot 
the expected and obtained scores 

ibout 


they 


may 
is indicative 
However, 
nothing ibsolute 
that 
predic ted score for a group 

next trial 
| were 
this 
made for three points 


lists actual 


such correlations tell 


accuracy of prediction is do not 
tell how the mean 
ot OSs i hypothetic il 


compare with the mean if a tria 


would 
actually 


matter 


for 


givel lo gather evidence on 
predictions have been 
the S-A 


periormance Was avy tilable against which to 
The of this 


in learning for which 


check the predictions results 


AND RUDOLPH W. SCHI 


LZ 


rABLI 


MEAN Loss SCORES ON FourtH List For 
ING MASSED AND DIsTRIBUTEI 
\COUISITION 


inalysis show that the med 


items predicted and the obtai 
l However 


almost identica 


ber of predicted items tended to 


ial perlormance means id thi 
rack The imount 


of the discrepancy changes very little as the 


than the act 


was true for all three tests n 


level of learning increases 


! 
y il 


The mean loss scores for the fourt! 
massing and distribution 
are shown in Table 2 The 
for the S-A lists indicate that 
better 

list learned under distributed practice 


lists under 
results 
reten 
the 


tion was significantly for 


than for the list learned under massed 
Phe t: (2.72) 
01 
lists distribution during learning does 


t effect on 


is Significant 


the A-S 


practice, 


beyond the level For 


not produce a_ significan 


retention 
DISCUSSION 
When t] 
the 
interval 


naive Ss learned 


in present nts 
had 


either learning or retention 


list 


f x pt rime 


! 


no measurable 


similarity was very low 


as interlist similarity 
lists, 
function 
dent 


built uy 
differences in 
of intertrial 
the fourth 


differences 


perlormance 


interval were 


on list but these 


cde pe nde nt 
he 


aT 
Wi 


formance were 
upon the locus of the interference | 
of the 
be to provide tentative explanations ol 
different ol could 
mediate the performance differences 

The A-S lists consisted of 


purpose present discussion 


how loci interference 


adjective 





DISTRIBI 


as stimulus terms and nonsense syl- 


lables as response terms \s successive 


lists were learned the interference built 
Ip across the nonsense syllables due to 


repeated letters from list to list Under 
these conditions of interference dis 
ributed 


it had 


facilitated learning 
Indeed, 


are quite comparable to those 


prac Lice 


no eflect 1 retention 


he results 


| two previous studies using 


paired 
Underwood & Rich 
In those 


msonant syllables 


irdson, 1957. 1958 paired- 


lists, both intralist and inter 
but 
within 
but 


consonant 


st similarity was relatively high 


is similarity obtained not onl 


and within responses also 


and responses 


imong stimuli | 


+ His I present wor where 


interference built up among. stimuli, 


distributed did not facilitate 


icquisition t is therefore, 


distributed 


possible, 


that practice will facilitate 


interference obtains 
Che 


assumption ; 


learning only when 


i response processes 


| present 


discussion makes such an 


oO specily the locus this 


inter- 
wit! particularity is 
for this difficulty 


parent as the 


greater 
[he reason 
disc 


ission 


rroceeds 


obtained 


tiarit 


responses If these lists 


are 
; 1 
idealized in terms of a transfer paradigm, 


\-B, C-B’ 


terms are 


they are seen e of the 
Chat 
different. but responses are 


t 
\-B, C-B paradigm there is 
Twedt & Underwood, 


iriety stimulus 


quite similar. 


In a pure 


ome interlerence 


been identified 


re sult ol 


1959) whi 1as tenta 


tively te backward asso 
unreasonable to 


could 


across 


ciations not 
expect that su interlerence 


pecome appreciabdl in amount 
only 
But 


interference 


responses art 


four lists even if 


imila athe identical) 
inother 

the \-S 
ipparent. \s the similarity 
lists S should 


difficulty 


source ot 


lists which is much 


more 
builds up 
icToss 


expe rien e more 


and more in simply learning 


the responses The increased similarity 


should 
difficult to 


make it more and 


the 


lists 


across 


more integrate response 


term into a readily available unit It 


rED 


PRACTICE 


fact that three-letter 


interlist 


is a complete 
intrusions, 
letter 


any list—all of 


partial 
that 


responses, 
did not 
which 


and three responses 


occul in may 


indicate difficulty in response integra 


tion—occurred with greater 
in the fourth list than in the 
the first fourth 


massed practice, the 


lrequen 
first Fo 
and lists learned b 
mean total number 
of such errors per S was 9.6 on the 


list and 13.1 on the 


first 


fourth, although the 


rate of learning the two lists was essen 
tially 


identify at 


the same Thus, it is possible to 


least wo different 


of interference response processes, 


namely, backward-association interfer 
ence and integrative interference 
or both of 


produc ing 


these may be 

differences in 

massed vs. distributed practice 
considerations 


In view of the above 


it is not possible to specify 


interterence 


a single or 


specific locus of responsible 


for differences in learning by 
distributed 


even if such specification 


mass d 
Howeve Te 


. 1] 
were possi Die 


and 


pra tice 


the question of how the interference 


mediates differences in learning by 


massed and distributed t 


still be 


a heavy 


practice mus 


Without 


commitment to the 


considered 
not 

may be pointed out that an interference 
which retards the 


produced inhibition 


growth of associative strength, and 


which dissipates very rapidly with re 
the facts thus far 
One implication of such an hypoth 
\-S lists is that there should 


number of 


will fit most of avail- 


able 
esis for the 
be a greater intralist 


errors 


in learning under massed practice than 


under distributed prac 
the 


which 


in learning tice 


Thus, if interference produces al 


inhibition retards the growth of 


associative connection between the stim 


ulus and re sponse term, one conse que nee 
of this slower growth should be 


ig eater 


number of misplaced within 
the list 


tion. 


responses 

he data confirm this expecta 
In learning the fourth list under 
total of 342 
while for distributed 
was 241 Che 


under 


massed practice a such 


errors was recorded 


learning the number 


frequency was greater massed 


learning for every trial except the first 





234 BENTON J. UNDERWOOD AND RUDOLPH W. SCHULZ 


errors showed 
total 
ing 628 under massing and 659 under 
distribution 


However, other types ol 


very little difference in frequency, 


This evidence on intralist errors can 
manner. 
inhibition 
growth of associative 
ex pec ted that 
when S first successfully gives a response 
the list it be less likely to 
be paired with its appropriate stimulus 
learning than it 
under distributed learning. Again, the 
Each S's 
determine 
the first time each response was given 


be viewed in a more specifi 
If interference produces an 
which retards the 
strength, it would be 


irom would 


under massed would 
data support this expectation. 


data sheet was searched to 
whether correctly paired with its stim- 
not) and then it 


whether or not the response was 


ulus or was noted 
cor- 
Under 


distributed learning, 328 first attempts 


rectly paired with its stimulus. 


were recorded of which 36 (119%) wer 
with the stimulus 
Under massed learning, 284 first attempts 
were recorded of which 58 (20%) 


not paired correct 
were 
not paired correctly 

Thus, the data for the A-S lists are 
with the that inter- 
ference among response processes results 


consistent notion 
in an inhibition which retards the growt} 
between the 
How 
ever, as noted earlier, further experi 
ments will be required to specify the 


of associative connection 


stimulus term and response term. 


interference involved 

Turning to the S-A lists, 
tory problem changes. For 
distributed practice did not facilitate 
learning but did facilitate retention 
when interference high. In 
lists, in syliables 


exact lo« us of the 
the explana 
these lists, 


was these 
stimuli 
and adjectives responses, the interference 
built up among stimuli as the number of 
lists learned increased. If the 
relationships are again idealized accord 
ing to transfer paradigms, these lists 
will be seen to constitute an A-B, A’-C 
situation. Stimuli are similar 
response terms quite different. Thus, 
while the stimuli in the fourth list might 
tend to elicit responses from lists learned 
there 


ference in integrating the responses per 


which were 


similarit\ 


with 


inter 


previously, should be no 


should 


source of 


backward 


interference. 


se, nor associations 

While 
S-A and 
fact that 


function of 


be a 
these differences between the 
A-S lists may 


the acquisition varies as a 


account for the 


they are not ob 
with the 
S-A list was 
learned by 


when 


distributed prac tice, 
associated 


the fourt! 


viously fact that 


ret ined better 


when distributed practice 


than learned by massed practice 
rhe retention data for the S-A lists 
the notion that 
allows for a 
permanent extinction of S-R interfe 
than 
Recent data 

1959) are quite regarding 
the fact that lists 
having an A-B, A-C relationship, the 


A-B 


hibited in some mannet 


are consistent with 


distributed practice more 
rence 
massed practice 
Barnes & 


convincing 


tendencies does 


| nderwood 
when S learns two 
is extinguished or in- 
If a recover) 
process is assumed to occur over 
distributed 
guished associations will recover 
between each trial than they 
Such 


association 


time 
under practice the extir 
more 
will unde 
massed practice. recovered asso 


ciations would have to be extinguished 


again. It 


alternating recovery and extinction proc 


may be assumed that thi 


ess will lead to a more permanent extine 
tion of the interference tendencies thu 
following distributed 


facilitating recall 


practice. Furthermore, because of greatet 


recovery of error tendencies during 
distributed practice than during massed 
practice, learning may actually be in 
ferior distributed practice Phe 
this 


differences 


under 


present results are consistent with 


expectation; although the 


are not significant statistically, it i 


seen in Fig. 2 that performance under 
that 


tria 


distributed practice is inferior .to 


under massed practice on every 


It is quite possible that if interferencs 


was increased (e.g., using more tl 
four significant 


ferences would result in fay 


lists) statistically 


prac tice. 
rhe 


would lead to certain expectations con 


successive-extinction hypothesi 


cerning interlist intrusions during lear 


ing and recall more inter 


Specifically, 


under dis- 


list intrusior ~ should occur 


tributed learning of the fourth list t 





DISTRIBUTED PRACTICI 


inder massed learnir y but lewer during the first, and had no effect on rete tion ol 


} 


| his evidence indicated that 


relearning following distributed learning either list 1 
han following massed. For learning the distributed practice will facilitate%acquisition 


oe , : > " oni 9 amines , . ference 
iT data are consistent with the when some minimal amount of : iterferen 

. . . . is present in some aspe the response 
vothesis: 11 interlist intrusions oc- presen 1 some aspect of le resp 


processes. It was suggested that the i 


ference produces an inhibition which reta 


curred during massed learning, 29 during 
5 


distributed learning In relearning, 3 


the growth of associative strength 
errors occurred for each condition. Thus, 
the intrusions during relearning, while 
not contradictin ie extinction hy- 
certainly do not give it support. BaRNEs, J. M., & UNDERWOo! 
of first-list associations in tra 
J. exp. Psychol., 1959, 58, 97 
GLAZE, : » associ 
sense 8\ 
35, 255-269 
RICHARDSON ] 
Comparing rete 
different rates ol 
Psychol., 1957, 56 
wept, H. M., & UNDERWoop 


’ 


vs. unmixed lists i transfer 
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amount retained sideration 
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UNDERWOOD, B 
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Interlist interfer 
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STUDIES IN 


INCIDENTAL LEARNING: 


IX. A COMPARISON 


OF THE METHODS OF SUCCESSIVE AND 
SINGLE RECALLS 


LEO POSTMAN 


AND 


Chis paper presents an exper nental 
comparison between the methods of 
successive 
In the 
the 
intervals 


recalls and single recalls. 


method of recalls 
different 


learning 


Succ essive 


tested at 
the 
In the method of single recalls sepa- 


same Ss are 
atte end of 
used at each 
the 
difference 


rate groups of Ss are 
interval. In 


the 


retention present 


experiment, between 
the two procedures was evaluated as 
the difficulty of the 


materials and Ss’ set during learning. 


a function of 


It is now clearly recognized that the 


method of successive recalls yields 
biased 


McGeoch & 


test ol 


systematically measures of 
1952, 


affords an 


retention Irion, 


? 


Sian.) 
opportunity for 


recall 
rehearsal. Hence, 
the performance on successive tests 
is determined by preceding tests as 
well as by the conditions of forgetting 


The 


available experimental ey iden = shows 


during the intervening intervals. 


maintain 
high level. In the 
(1923) and Raffel 


(1934) repeated tests were yviven lor 


that successive recalls may 
retention at a 
studies of Brown 
familiar words or names. A 
the given 
on an early test were retained on a 


lists of 
high proportion of items 
and 
peared in addition. 


later test, some new items ap- 

With continuous 
Clark (1940) 
consistently higher 
the successive 
recalls than by the method of single 
recalls. As Ammons and Irion (1954) 
have demonstrated, rises in successive 


rec alls 


prose materials, ob- 


tained retention 


scores by method of 


have been erroneously inter- 


preted as evidence for reminiscence 


AURA W. PHILLIPS 


f Califor» 


because of failure to take account of 
the the 
Similar methodological problems have 


bias inherent in method 


arisen in the interpretation of exper! 


ments on memory for visual for! 


(Hanawalt, 1937). 
While it is 


rec alls are 


that 


not independent of each 


clear successive 
other, the question arises of whether 
the effect of a first recall on a second 
beneficial The 
verbal materials used in past investi 


rec all is necessal ily 


‘ 


gations of this problem were either 


series of familiar words or textual 


passages. On an immediate test for 
such materials the proportion of overt 
errors is not likely to be high. Hence, 
the 


first 


during the 
will be 


rehearsed 
rec all 


responses 
test ol 
inantly 
will facilitate periormance on 
sequent tests A result 
expected with difficult: ma 
terials subject to 


predom 


correct, and = such practice 
sub 
different 
may be 
substantial 

The 
of overt errors on the immediate test 
of recall should 
difficulty of the 


will be rehearsed 


intra 
serial interference proportion 

with the 
Such 


ind, in the 


in rease 
materials. 
errors 
corres tion, 


absence of strengthened 


during the first test. Given a suffi 


high 


interference, 


ciently degree of intraserial 


the net practice eflect 


may be detrimental, rather than 


beneficial, to performance on a sub 
This 
receives some Support irom Rohrer’s 


(1949) that 
partially 


sequent test ol recall View 


finding rehearsal of a 
learned list of 


nonsense 


syllables during an interpolated rest 
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period leads to decrement in Range 10 rdyjectiv 
Haaygen's 1948 ist and fell 
highest interval on his 5-point 
lwo considerations suggested that familiarity. In this list, the meat 


subsequent recall 


the differential effects of recall on of repetitions of first letters was 
retention might be greater under in- was also some repetition of adjectival 
such as ful and ant. There were n« 
is defined by 1 in Haag 
clusters 


to be more subie I to intraserial Conditior 


tentional than incidental conditions. 


First. intentional Ss have been shown 


| 


interference than in idental Ss in consisted 
nsense materials (Postman 
& Adams, 1957 Llence the rehearsal 
of errors during an initial test should 
” more detrimet intentional 
than incidental learners. Secondly, 
issociations of rmediate strength 
should benefit more from rehearsal 
than issociations which ire either 
very strong or very weak at the end 
There is evidence that 
responses learned incidentally tend 
to be either relatively strong or draw the d 
weak whereas associative strengths are — appropriately 
more evenly distributed under inten- blank New items 
tional conditions (Postman, Adams, & it a 10-sec 


Phillips, 1955 When the responses the 
vivel on the | ial test ire pre- lhe series 
in the recall 1 a different 


| between 


beneficia etiects 


eries was 30 sec 
should then be yreater was stated to be 
ntional tha incidental variability of 
were instructed 
METHOD structions wer 
Tests of 
were used 
‘s were instr 
tems they c 
that occurred 
ibout which 
success! ve-ret 
test 
the e1 
separating the 
series ol the 
recall grou 
end of k 
spent the 
on mathet 
1928 is on values Subject 
d 40.00°, There was, eight experimental 


bk repetitio of letters assigned to conditi 


les lhe meat order of theu 


5.5 The proced re 
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‘ f 
groups ol $ 


the basis of a postexperimental inquiry inci 
dental Ss who had attempted to memorize 
the lists were discarded and replaced. A 
total of four Ss had to be replaced: one each 
the 
nonsense 


tively, 


four in number. O 


iverayinyg 


successive-recall learning 
syllables and 
two the 


ise sy ll ible 


in groups 
adjective s, 


recall 


respec 


and in single group 


le irning nonsel 


RESULTS 


Immed ate recall. lable shows 
the mean numbers of correct responses 
for all recall tests. ‘The first tests of 
the successive-recall groups provide a 
retention immediately 


measure ol 


after the end of learning. Intentional 


all a 


honseise 


larger 
than 
38, 


significantly 
S\ ll ibles 
2.83, df 


learners 
number 


rec 
ol 
do incidental learners (¢ 
r 01). 
ence is in the same direction but does 
With 
highly meaningful materials, marginal 
differences the 
tions of learning are to be expected 
(Postman, Adams, & Phillips, 1955). 


, 
recalls. 


For adjectives, the differ- 
not reach significance (t= 1.29). 


between two condi- 


Successive The change be- 


the 


SUuct essive-re¢ all 


tween first and second tests of 


the 
with the nature of the learning ma- 
terials. The number 
recalled 


groups varies 


of nonsense 


syllables declines for both 


the intentional and incidental groups 


Analysis of variance shows the differ 


ence between the first and second 


I 


AURA W. PHILLIPS 


to 
38, 


successive tests be significant 
(F=11.11, dj=] P<.01). The 
interaction of Instructions with Tests 
2.38). 


re alled, 


does not reach significance (F 
The 


on 


number of adjectives 
the other hand, does not decline 
the and 


The interac- 


between first 


tests (/ 1). 


with 


ignificantly 
second 
ol 
again not significant (/ 

The 


1S 


Instructions 
1.28). 


tion lests 


majority of items reproduced 


on the second tests had been recalled 
the first 
items account 
ol 
the 


on tests. llowever, new 
15.7% 22.0 


the nonsense syllables recalled on 


1O1 ind 


( 


and 
| or ad 


jectives, the corresponding percentages 


second test by intentional 


incidental Ss, respectively. 
are 17.7 and 15.5. 
Single recalls. 


An 


ure of retention is yielded by a 


unbiased meas 
com 
parison between the immediate tests 
of the groups 
the delayed tests of the single-recall 
\s Table 1 
intentional incidental 
had 
syllables 


successive-recall and 


groups shows, neither 


nor learners 


anv retention loss for nonsense 


In fact, there is an 
test 
but 


apparent 
inci- 
the 


rise on the delayed under 


dental conditions, neither 


over-all difference between Tests nor 
the Tests X Instructions interaction 
(Ff « 1 both « 


In contrast to the results for nonsense 
svllables, 


is significant in 


asses 


there was a. significant 


rABLE 1 


MEAN NUMBERS OF 


Succe ssive ret 
Immediate 
Delayed 


1] 
LlisS 


Single re 


Items ( 


ORRECTLY REPRODUCI 
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TABLE 2 


MEAN NUMBER OF OVERT ERRORS AT RECALL AND MEAN PERCE? 
Errors ARE OF TOTAL RESPONSES 


successive recalls 
Immediate 10.40 
Delayed 9.75 


Single recalls (d 9.60 


amount olf torgetting lor ad yec tives as percentages th it overt errors were 
measured by the difference between of the total numbers of responses. 


the immediate tests and the delayed On the immediate test of recall for 
single tests F 6.54, df 1/76, nonsense syllables, intentional Ss made 
02 < P < 5) The interaction of a larger absolute number of errors 
Tests with Instructions is not signifi than did incidental Ss. The difference 
cant (F <1). In view of the unequal barely misses significance at the .05 
amounts learned, the difference in level (tf 1.98, whereas 2.02 is re- 


retention loss between nonsense syl- quired with 38 df). There were no 
lables and adjectives cannot be at- significant changes in the number of 
tributed unequivocally to the nature errors between the immediate test 
of the materials and either of the delayed tests. While 

Interaction of materials and method the absolute number of errors is 
of testing.—An immediate test of consistently higher for intentional Ss, 
recall is beneficial to the subsequent the percentages of errors are com- 
retention ol id jec tives, and detri- parable under the two conditions ol 
mental to the retention of nonsense learning Since the absolute number 


syllables. An analysis variance of errors is well as of correct responses 


was performed on the results of all is higher for intentional than inci- 
the delayed tests, aiter conversion dental Ss, whereas the proportions 
of all scores into percentages of the of errors are approximately equal, 
number of items in the list (48) and it is possible that the difference 
an arc-sine transformation of these in the amount rec illed is at least 
percentages. The interaction of Ma In part a tunction ol the level of 
terials with the Method of Testing responding under the two conditions 
was significant (/ 6.00. dt 1/152, \s compared with the results ob- 
()2 P < .05 This significant in tained for nonsense svllables, the 
teraction supports the conclusion that absolute frequencies of errors 
the effect of recall on forgetting varies the recall of adjectives are small, as 
with the difficulty of the materials. are the percentages that errors are 
Errors at recall—The mean num- of the total responses. On _ the 
bers of errors given on the various immediate test ol recall, intentional 
tests ol recall ire presented in lable 2 Ss made more errors than im ident il 
The table also shows the mean Os, but the difference falls short 
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10) 

the 
The increase in errors is 


of significance 1.81, 05<P< 


lhe 


delaved tests. 


number of errors rises on 
significant for the delaved single tests 
(F = 5.17, df 1/76, .02 < P < .05), 
but for the delaved tests the 
successive-recall (F S41, 
whereas a ratio of 4.10 is required at 


the .05 level with 1 


not ol 


groups 
and 38 dt 

There were no significant interactions 
the 


ol 


of tests with instructions, 1.e., 


temporal trends in the frequency 


errors were parallel for intentional 
and incidental learners 

The ire 
quently made the same errors on the 
On 
the second test for nonsense syllables, 
26.7% of the by the 
intentional group, and 25. of the 


errors made by the incidental group, 


successive-recall groups 


immediate and delayed tests. 


errors made 


)07 
= /( 


were repetitions Ol errors made on the 
kor the 
corresponding percentages were 28.4 


4 


earlier test ad jec tives, 


and 
DISCUSSION 


he results of the exy 


' 
tl 


ecriment s Oo! 
of 
vields systematically 


of Phe 


bias de pe nds, | owever, 


ipp 


the conclusion at the method 


successive recalls 


biased measures retention. 
the 
on the characteristics of 
the ol 
initial recall of nonsense s\ 
than half of the 


and the effect of 


direction of 
Ss’ performance 


During the 
llables, 


were 


on tests retention 


more 
re sponse Ss 
the 


error;rs, 


first test on sub 


sequent retention was detrimental. Dut 


ing the recall of adjectives a high propor 
tion of correct responses was given, and 
the 
beneficial 


effect on subsequent retention was 


Che expectation that the differential 
effects of be 
greater under intentional than incidenta 


While 


than 


recall on retention would 


] 


conditions was not borne out 


intentional Ss made more errors 


incidental Ss during the initial recall of 


nonsense syllables, the ratio of incorrect 


to correct was similar under 


ot 


responsé S 


the two conditions learning and so 


AURA W. PHILLIPS 


apparent! the detrimental effects 


of the ot The two 
groups did not differ significantly on the 
initial for and it 
likely that intentional learning resulted 


were 
rehearsal errors 


test adjectives is un 
In more associations of marginal strengt} 
did Witt 
the opportunities for rehearsal provided 
by the group showed 
a ret rhus 
the experiment, 
like this 
series Post 


how 


than incidental learning 


} 


initial test, neither 


ention loss for adjectives 
the 


f the 


results of present 
earlier studies in 
Postman & Adams, 1956: 
man & Phillips, 1954 


nificant differences in retention between 


some ( 


fail to s 


sig 


intentional and incidental le irner 


SUMMARY 


betwee! 
ngle recalls 
the two methods wa 
tion of the difficult, 


were 
adjec tives 
either tional 


is tested by 


inter 
free 
groups rece 

test, the in 


delayed 
the inte rpol itior 


vl 
test oO 
mediate 
test of recall i ipaired il itio 
adjectives the effect of the i 
| he 
bias introduced by the iethod of 
the 
two met 


lor 
test 


terpolate 


was beneticia direction of 


recall thus depends on diffe 
Ihe 


produced 


hods 
illel 


lit 
(| 


materials 
retention par 


] 
intentional d incidental 
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THE EFFECT OF SPEED-UP INSTRUCTIONS ON 
SPATIAL STIMULUS GENERALIZATION ! 


BERNARD W 
Tutt 
Several studies have de 


that 
obtained 


nonstrated 
be 


WwW hose 


spatial generalization can 


“with visual stimuli 
position in systematically 
varied”? (Brown, Bilodeau, & 
1951, p. investigated 
the the 


psychological state and chronological 


space 1s 
Baron, 
59), 


and h ive 


role of variables such as 
age of S in determining the shape of 
Studies 
in which generalization gradients were 


the generalization function 


have 
Brown et al. 


obtained been reported by 
1951), Mednick (1955 
Bilodeau, Brown, and Meryvman 
(1956), Mednick ar ‘htinen (1957 
and Arnhoff (1959 

The experiments cited adhered to 


the same general procedure of trait 


ing Ss to respo id to the centet lamp 


of a series of equally spaced lamps and 
then testing {or responses to the other 
lamps. In the 


present ¢ xperiment 


two procedural changes were intro- 


duced to determine their effects on 
the previously reported generalization 
One change involved using 
light 


involved 


functions. 
only test 
the other change 
half the Ss unde 
1 


aaek 
to react QUICKIy. 


one for a given S; 
training 


repeat d pressure 


METHOD 


ubject 
graduate 
used 

A pparatu nd procedur Lhe 
was modeled after Med: Mednick & 
Lehtinen, 1957 It consisted of a horizontal 
row of 11 lamps, uniformly spaced. | 


wert 


pparat 


imp 6 


1 Portions of this r were prese ted it 
the Washington *. meeti of the 
American Psycholog ] sociatio 
tember 1958 


HARLESTON 


served as the trai g lamp and Lamps 1, 3 
After 


being told that the task was a test of reactio 


5, 7, 9, and 11 served as the test lamps 
time and that they should respond as quick] 
to the lighting of the center 
30 traini ] 


y trials 


is possible only 


lamp, all Ss were 


given t 


he center lamp However Ys rece { 
speed-up instructions (the pressured 5S 
tedly 
I their 
The E applied pre re b 
ifter each of 15 of the remai 


lrial 11 were u 


ict quickly ind to try to beat 


beginning with rged repe 
score 
saying to 
20 trials, ““Good, now 
next 
now Let’s really set a new record 
prompting continued for 60% of the 
g trials which were 
l 


ke the response 


interspersed among 
5 However, S was never pres 
rial preceding the prese tatio 
followed 
in which a give 
d a total of five times 
hese presentations were interspersed amor 
37 additional trials in 

iter lamp Five 


he training trials 
i test 


were without 


terruption by 


test lamp 


series 
Was presente 
re sponding t the 
pressured and 


pre ssured Ss were tested on a given tes 


the 
speed-up instructions during training 


In order to determine whether 
affected reaction times, the mean la 
the first 10 training 
the next 20 training 


tency scores {ot 


trials and trials 
were compared for the pressured and 

While no dif 
for the first 10 
the 


nonpressured groups. 


ferences were found 
mean latency 
Ss on the 
was significantly 
of the 


df 58, P . 


trials, the score ol 
trials 
than that 


(t t.02, 


pressured next 20 
smaller 
nonpressured Ss 
001). 

The number of responses made by 
Ss 
h 


the pressured and nonpressured 


to each of the test lamps on eat 


test trial is presented in Table 1. 





PATIAL STIMULI GENERALIZATION 


TABLE 1 pressured and nonpressured Ss in tota 
MBER OF Responses To Eacu Test Lame wuumber of responses were significant 
ON Eacu Test TRIAL BY PRESSURED | 7.96. df 1/48. P (1 
P) AND NONPREsSURED (N-P) Ss Trial to trial comparisons across 
all test Ips reveal th it the ypreatest 
number responses Was Ii ide on 
the first test trial by both groups 
Except for a reversal by the non 
pressured Ss on the fifth test trial, 
frequency f responding decreased 


i test I | creaset 


eng it eat 

Mednick 

Freedman, 1960) recer 

“unit’’ hypothesis, these 

ire 


idded signifi 
becomes apparen hat #enera 
esponses 
decre sed ; t| \ i betwee! 
training and { ncreased, 
ind j lI “ ide more 


Sponses 


graph 


| 
al suggests 


source 
the resp 
baum 


function 


2 


RESPONSES 
Pa 








244 BERNARD W. HARLESTON 


pressured and the nonpressured S Further LOW 1 S.. CLARKE, | & STEIN, | 


the pressured +s produced more responses \ new techi 1c] Le Lor studying spatt il 
Che relationship generalization with voluntary response 
oted J exp Psychol 1958, 55, 359-362 
Mepnick, S. A. Distortions in the gradient 
of stimulus generalization related to cortical 
brain damage and _= schizophrenia | 


tbnorm. soc. Psychol., 1955, 51, 536-542 


Mepnick, S. A., & FREEDMAN, J. | St 
} 1960 


at each test lamp position 


of the results to earlier studies was 1 


ration 


60, 131 


\RNHOFI 


imxrety : 
ulus generalization Psychol. Bul 


57. 169-200 
\., Brown, J & MERY nits 
Mepnick, S. A., & LEHTINEN, L. I St 
he : nmatiol generalized . ‘ . 
lus generalizat a function ot age 


1956 ; men 
children I. en veh 1957, 53, 180 


BROWN SILOM u, | \., & BARON Gwe ' 
’ ’ KOSENBAUM Stimulus generalization 


M mal gradients in the functio | of experimentally induc 


eralized voluntary respons« ‘ ) 1953. 45. 35-43 
i , , ’ 


spatial dimenst 
6. 1960 





RESPONSE SPEED, 


\ND LENGTH OF 


ROBERI 


been 


Work 


by \ 


has gener studied 


the 


bat n I 


necessary to 


Skinner 


( h un 


irving 


the 
I 


depress box 
been 
ol 
IR« \ nolds 


Hull, 1934 


fixed-ratio 


Leneth ( behavior has 


studied br Varying the length 
straight Besch & 
Kredenburg, 1956 
ind by the 
schedules in the 
n \s regards ce 
lev 
triais in 


by 


its res 


illeys 
1958 
ol 


ilso use 


bat 


press 


} l 


pendent variables, 


iw situa 


ht experiments involve 


ciscret¢ which performance 


latency of the 


il 


Skinner-box studies, 


S mnie isured the 


T¢ Spots oT proc response 


inh most 
bat 
periormance 
the 1 
1951 
\Maatsch, 
\lowrer & 
\amodt 1954 
Removing t bar 


it 


spec d 


owever, the freely available 


to S, and measured 


in terms ol ite t bar pressing 
- Ferster & Skinner, 
Adelman, & 
1943; 
Trotter, 


ilter 


\pple ZWeCI1Y, 


7 Denny, 
Stanley 
1956 
trial 
at the beginning 
trial 


19 
1954 Jones 
Ww 
ne each 
ind 
ot the 


to 


re-¢ Xposil 4 


next discrete allows one 


measure latency, and, if behavior 


j 
" Oo! greate? l ingte 


dissertatio 
I iversity 
ments for 
The 
to 
ind 
of the development 
Neal 
their 


quire 
| soph 


gratituce 


went advice 


ilso duc 
\bel 


lo K 


to 
lor 
Myers 
ind ar yplit icle 
ip 


Logat 


who 


search was 
t to Frank A 

Foundation 
1D Columbus 


io State | ity 


re 


iIsion 


AMPLITI 
EXTINCTION AS JOINT FUNCTIONS OF 
BEHAVIOR 


245 


PRANK 


( 


AND RESISTANCI 
WORK 


CHAIN ! 


1) 


DE, 


ISS 


WI 


press are 0 


om piecte each press in the cnain The 


speed measure was chosen, in part, 


to permit the data to be interpreted 


in 
specified for speed, but 


sponse rate 


of Hullian theory, which is 


terms 


not itor re 


Hull, 1943, 1952; Spencs 


1956 Moreover, measurement at 


relatively molecular level permits tl 


( 


similarly 
molar 


( 


criterion ol 


measures which 
ally 

such 
. st 


ombination of vari 


into empiri ippropriate 


units Three units are 
liscussed in this study 
Ist 


y 


irting speed 


press pressing speed following 


presses and releasing speed 


le, fe 


instr 


\ second dependent iriab 
the Hullian 
reward conditioning 
the ol 


mace 


V iT 


which theory ol 
mental 
fied, 


responses 


S spec 
I I 


unreintorced 
B 


number 


is 


before meets i 


extinction Though re 


sponse umplit ide is related to excita 


conditioning 


l 
Hull, 
1956 it be possible to relate 
instrumental amplitude to inhibitory 
| Weiss, 1958 


rhe present experiment thus seeks 


al 


pen - 


( | iSsl¢ 


only 
1952; 


tory potential in 


may 
potential 


to determine the joint effects of work 
length of on 
rt 
ing speed, pressing speed, goal vTa 


ot 
speed, total speed 


and behavior chain 


several kinds of speed measures (sta 
dient pressing speeds, releasing 
, on instrumental re 
sponse amplitude (including force-on 
bar, frequency of incomplete presses, 
et and on number of responses to 
of extinction Space 
allow brief theo 


retical discussion, later in this report, 


a criterion 


limitations only 


and also preclude a proper review ol 
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following points well, behind 


be lov d to lo 
may noted here here have been e lowered to allow ‘ 
° shoulders and press the 
no studies of th interaction ettects 
measured 4 i high by 
work and response length on any  pottom of the openin 
ol the endent variables of this floor of the box 
study Parametric studies of work ol a 
diameter 


effects on any olf these variables are 


= ! the mouth of the well 
presently unavailable, and the range Me ; rh, 


1 1 
of work levels reported is approxi ivered approximatel lc 


mately hall that employed here 
Work ette * not been studied 


with the iriety ol speed meas 
employec ni nor ire work eltects 


On speed in instrument il cor ditior 
1957 ind selective irning 


Montgomery, 1951: Vhompson, 944 
in cle ir avi ment \loreoy - - there 


have been l 1d 1 response 


length in which work r unit length what differ 

is high, and v sponse lengt! ropped 

of th 

‘ feedback in 

primarily throu work duration propriocepti 
ropri 


hrough  within-chair The 5S 


might theret performance 


forcement through 


lhe work-regulat 


i (const t) waterbath 


wor! 

tion 
replications of 
experime tal 
were replaced i 
1 press 100 ¢ 
100 om 2 


Apparatu 


prootec 
measured 

side of 
ited was ¢ 


wall ar 
two ind 


1p 1 Ce Re 


the floor were 
cloth i¢ 





' j 


speec 


d .47 
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the repli ito 


the other thr 
im ber 
the 

| , 


haping trials 


criterio 
« involved 
required force 

The ti 


r 


o inct 
iched afte 
nctioi 


ot 


recorded 
onl 


trial 
The followi 


cy oe which begt 
ind reaches 

‘All overlearning was 1 ‘ 

Where 


s of ) amplitude (Fig 
the above outlined procec may be said to o« 
result in giving S a block with o 

im it, the 


| la press, partially 
issigned over! 


rlearning 


increasi the 


nun ) criterion force 
overlearnit la ( ol Ca iii Che umplituc 
decreasing Sin t 


measured from 


presses agal 
rout ded to 16s b 





\MPI 


which 
reaches 
pre 

of the 


terion, 


presented in 
speed, amplitude, and 
netion \symptoti 
receive the most complete 


AT iphs ind statisti il tests 


connection 


being pre sented 


mauisition 


| tion curves 


Since half the 


dditional trials in 


control for the 


vivell 
ordet to possible 
effects of overlearning on extinction, 
it was possible to test for any further 
Trials 81-96. 


differences 


cl inge in speed iltet 
mean of the 

nai nonsignificant de 

irting speed from Trials 


112 343, P > .80 


moreover, mn 


crease im st 
81-96 to 97 


here were, systemati 


differences among the various work 


conditions \n 


ind response le 
Iditional using the 


test was m ide, 


speed measure The mean ol 


differences 


between tot il speeds 
112 was 


Spec ( 


Trials 81-96 and 97 
QOOO51, 039. P > .90 


curves ma‘ nus reasonal ly be con- 


sidered Lo ) is\ 
1-96 


mptotic on Trials 
Starting speed Figure 2 shows an 
nteraction between work and length 
of behavior chain: Starting speed was 
work, only 
it 4 and 8 units of chain length, 


Starting 


i decreasing function of 
and 
( hain 


speed decre ised als 


only at the higher 
\ Work xX 


x Replications variance 
data 


length increased 


levels of work Lengtl 
analysis of 


Neither 


interaction 


these Was conducted 


repli itions nor its with 


ist PRESS) 
~~ = 
x 2 


’ 
> , z 


STARTING SPEED (I/? 


y « 
WORK IN GRAMS 


other variables were when 
tested against the second-order intet 

action, the Fs for these effects all 
Phe Work X Length 


the 05 


significant 


being less than 1 
Ss Significant at 
2.06. di 8/70 


interaction wi 
level F 
tested against the pooled error tern 
the 
two nonsignificant interactions Phe 
main effect of work was significant 
F 4.03, df 4/70, P 01 as was 
10.09. 
1957 


when 


second-order interaction plus 


the response length effect (F 
2/70, P < .001 \iken’s 


finding of no asymptotic latency 


using a 5 vs. 32 gm 


differences, 
l-unit response chain, 
task, 
During the course of acquisition, th 
the 


steadily 


panel pushing 


is in accord with these results 


curves ol three chain-lengt! 


groups diverged from 


common starting point, indicating 


multiplicative relationship betwee 
length of behavior chain and numbe 


of reinforced trials 


® Supplementar 
deposited with 
Institute Order 
ADI Auxiliar itio 
duplication Service Librar 
Washington 25, D. C., remitt 
$1.75 for microfilm or $2.50 for 
M ike checks pa ible to: Chief 


tion Service, Library of Congre 
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by 
ction between work 
For 


Spx ed 


wun 3 shows 


striking inte1 ind 


response length. the 8&-press 


chain pressing decreased as 


work increased, while for the 4-press 


condition there was a distinct increase 


in pressing speed with increasing 


work. In order to test not only the 
Work X Response Length interaction, 
but also the significance of the work 
effect at each level of response length, 
the F test for 
The test for 
vielded an which 

significant at 1/54). The 


1 linear trend was used 


linear interaction 


increase in speed as 1 function ol work 
in the 4-press condition had 
trend significant at 05 (/ 


1 25), and he decre ise 1h speed 


as a function of work at & units was 


4.44, 


also significant at 


1/25 


(70d! 


gradient o peed C50 il 


situation 


YTia- 


dients in this Skinner box 
obtained i 


Such 


resembled those 
alleys (Fig. 4 


dients ty pi ally show 


closely 
straight oT: 
an increase, fol 
lowed by a decrease in speed, the peak 
venerally occurring before the middle 
of the chain (e.g., Hull, 1934; Weiss, 
1960 | 


Repeated measurements anal 
yses olf varia r 


were ¢ 
2—4 of the 


arr d Out Oovel 


| 1 esses 


4-press group and 


Presses 2-8 the 8-press group, 





WORK IN GRAMS 


Fic. 3 \sy1 
is a function of worl 
ot be h Vior h 


ptotic 


. on 6Oa Om 

ORDINAL NUMBER OF PRESS 
Goal gradients of m« 
peed at two levels of lengt! 


X 


bic. 4 
tot 


order to ascertain whether there was 
a significant gradient effect after the 
first This gradient 
effect was significant for both the 
4-press group (Ff 4.86, dy 2/50, 
P < .025) and 
(i 6 73, dj 


tested 


sharp increase. 


the 8-press 
6/150, P<.001) 

the within-Ss 
Che Variance analyses across 


group 
when 
against erro! 
term. 
the sec ond through last presses did not 
indicate a significant Work & Gradi 
ent interaction in either length condi 
tion, though in the 4-press chains the 
peak speed appeared to occur earlier 
at low work levels than 
The similarity of the 4-unit gradient 
to the first the 8-unit 
Hull's 
of the goal gradient of 
alley length 
has 
fore-shortened 
runway” (Full, 


at high ones 
four trials of 
gradient is in 
1934 


speed dS a 


agreement with 


stud 
function of 


“The gradient of a 20 ft. runway 


the appearance of a 
eradient from a 40 ft 
1934, p. 419).8 

1 Skinner's (1938) early 

rate of bar pressing was fou 

is the rat ipproached the « 

In Ferster d Skinner's (1957) rece 
extensive report on reinforcement schedule 
no changes in local rate 


ratios 


re reported it short 


ipart from the pause immediate] 
reintorcement though 1 l 
celeration in the rate of key pecking may 
40:1 if the response h 


ot completely stabilized 


following itial ac 


occur at ratios over 





RESPONSE SPEED, AMPI 
1934 


data, the goal gradient became 


In contrast to Hull’s straight- 
illey 
increasingly peaked during the course 
flattened 
(see kig. B, C) Straight 
acquisition data recently ob 
by the writer (Weiss, 1960) 

also show the incre ising peakedness 
effect obtained in the present 
Releasing speed \t e 


length me 


f acquisition and was by 
extinction 
illey 


tained 


study 
level of 
speed 
The 
witl the 
1.79, 3.84, 


ich 


chain rele 


ising 


ncreased as work increased 


over-all means, beginning 


level, were 2.97 


15 gm 
4 SO, 


, 
6.80 Rel ising speed was 


higher for the single 
the 4- or 8-press chains, the 
means being 3.94, and 
\ Work & Length 
x Replic itions analysis of. variance 
found both the Work effect (F 10.17, 
df 4/40) and effect 
8.96, d » 40 

t P O01 
double 


stinction to starting and 


yene;T ills press, 
than for 
over-all 5.58 


3.27 respec tively 


the Length 
to be signifi 
n tested 


tion In 


w he igalnst 


mnterac contra 
pressing 
inter 
8/40 


there was significant 


eftlect I 


no 


1.60 


It ias been shown 


hat work 1d 
different 


response length had 
eftects the various 
mole components ol total time 
Phe work length of 


ehavior chain employed here resulted 


Vcr\ on 
ular 
values ol and 
| 
in starting, pressing and releasing 
speed effects which completely can 
celed e 
the more molar 


ure \ Work > 


tions 


when combined in 
total 


Length X Replic a- 


ich other 
speed meas 
analysis of total speed 
indicated 


F 13 


Variance 
corrected for chain length 
that neither Work 
Length (F 1.40, df 2/40) nor 
WorkXLength (F=1.08, df=8/40) 
effects begin to approach statistical 
that 
most 


the 


significance. It may be noted 
total 


nearly akll 


speed was the measure 


1 to response rate avy iilable 


in this study, and that these results 


ITI 


DE, AND EXTINCTION 251 
therefore offer some explanation for 
the failure of Maatsch, Adelman, and 
Denny’s (1954) study to find signifi- 
cant work effects 


response rate 


on asymptote 


Amplitude 


; 


Test for asymptote Instrumental 
response amplitude has not been stud- 
ied sufficiently to determine whether 
such measures do, as a rule, reach an 
asymptote rather than a temporary 
plateau. By amplitude 
data” we shall, therefore, mean ampli- 
tude measures on Trials 81—96, where 
Most of the 
amplitude acquisition curves do, how 
appear to reached 
fairly stable level Trials 81 
\ ¢ test over all 90 Ss indicated a non 
significant increase in mean amplitude 
80 to &1 418 


“asymptotic 


speed was asymptotic. 


ever, have 


some 


by 96 


from Trials 65 96 (1 
P > O60 

Frequency ¢ iberit 
Asymptoti 
quency was a multiplicative increasing 


be- 


subcriterion press fre 
function of work and leng 
havior chain (Fig. 5 

data skewed, square 
transformation was used before carry 
1 Work X Length analysis of 
The Work X Length in 


vere root 


ing out 
variance.’ 


of hig 


7 It will be ted that tl ) e 


1 9 


work, Nign-respo I { riais 


112 could decrease the 1 oO 1 test for 

isymptote ing these trials, rather tha 

i ise of the peed data 

thus tests for iptot 
rather than 81-96 
1951 i free 

box, found the number of 

function of 

icquisition \pplezweig’s work 

from 10 to 50 gem., 1:1 

e the 1-press curve 


incre is in the « 
The 


it Trials 
5 Applezweig 


sing it 
ibov tests are 
65-80, 
using 
‘ Skinr h 

g Kkinner that 


ubcriterion presses was not a 
work in later 
conditions ranged 
ratio being employed. i 
in Fig. 5 does not show a irked increas« 
from 15 to 50 the 
agreement within the range of work and chain 
length values common to both 

* No significant main or inter 
found in 
inalvses of the speed data 


the 


gm., two studies are in 


ctive effects 
of the 


For the sake of 


ot replic ition were 


simplicity eeding tests wi not 
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& 


NUMBER OF SUBCRITERION 
PRESSES / TRIAL 


Va 


WORK IN GRAMS 


Fic. 5 \sy subcriterion 
frequently as a 
levels of length of 


number of 


mptoti 
function of 
beh 
subcriterion Ss per 


press 
three 
Mean 

trial 


work aft 


ivior chai 


yreceding the first criteriot 
] £ 


2.74, 
tested 


significant (F 


025 


teraction was 
df 8/75, P 
against the within, as were the effects 
of work (F=17.23, d/ 4/75, P<.001 
and response length (F 9.355. 
df 2/79, 2 001). Dr 
icquisition, subcriterion 
press frequency decreased and 4 
length and at the 
lower work levels of the 8 press condi- 
At the highest work levels of the 
8-press « ondition there was an increasé 


when 


iring the 


course ol 
units of response 
tion. 
in subcriterion press frequency during 


and G) 
levels of work there 


acquisition (see Fig 
At the higher 
was a marked goal gradient of sub- 


criterion most 


press frequency, the 


iture of which was a 
after the 


remaining 


prominent fe 
criterion 
flat 
steepness ol the 


sharp de rease first 
press, the gradient 
thereafter. The 
gradient was an function 
flat at 
Over-all 
vradient effects yield P 
.001 for both 4-press 
and 8-press (x?= 710.41 
Che null hypoth- 


equal 


increasing 
gradient being 


work 


of work, the 
the lowest level of 
asymptoti 
values of 
x” = 68.66) 
behavior chains 


esis assumed frequency of 
each point in 


two 


subcriterion presses at 
the gradient. The 
converg 


gradients 


red from the first to the second 


evaluate the replications separatel 


their illowed to ontribute 


to the 


effects being 


within-cells variance 


FRANK WEISS 


ind ran parallel to each other 


thereafter, 


press 
the subcriterion press fre 


quency being greater for the 8-press 


condition at all points. In extinction 


mean over-all extinction trials) sub 


criterion ised 
at all 


and the 


press trequency incre: 


points in the 4-press chai: 
first 
Both 
steepness during 


oe mE 


A mplitude of criterion pre ( 


5 presses ol the S-press 


increased in 


lig 


chain gradients 
extinctiol 
Mic tad 

Lhe 
median amplitude of the first criterion 
press on the 16 asymptoti ils was 
taken for each S, 


was subtracted 
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